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EXA^IIXATIOX  OF  THE  BONE-AIARROW  AT 

AUTOPSY  WITH  A  METHOD  OF 

OBTAINING  SPECIMENS 

ROBERT   A.    LAMBERT.    M.D. 
(Pathological  Laboratory,   Presbyterian   Hospital,  Xczv   York    City) 

It  may  be  safely  stated,  I  think,  that  routine  examination  of 
the  bone-marrow  at  autopsy  is  done  in  very  few  institutions,  and 
that  one  rarely  sees  sections  of  bone-marrow  except  from  cases 
where  a  definite  lesion  was  suspected  during  life:  such,  for  ex- 
ample, as  carcinoma  with  metastases  to  bones,  pernicious  anemia. 


45  ROBERT    A.    LAMBERT 

leukemia,  etc.  This  is  true  even  in  laboratories  where  practi- 
cally e\ery  other  organ  or  tissue  of  the  body  is  carefully  inves- 
tigated grossly  and  microscopically  as  a  matter  of  routine.  The 
general  neglect  of  a  tissue  of  such  obvious  importance  can  hardly 
be  attributed  to  a  failure  to  recognize  its  importance.  It  might 
possibly  be  suggested,  that  on  account  of  the  difficulty  in  inter- 
preting pathological  changes  in  the  bone-marrow,  its  examina- 
tion is  hardly  worth  while;  but  the  same  might  be  said  of  the 
adrenal,  hypophysis,  or  even  the  spleen  (and,  in  my  opinion, 
with  greater  justification)  organs,  which  in  manv  pathological 
laboratories  are  regularly  sectioned  and  studied.  After  ex- 
amining the  bone-marrow  from  several  hundred  autopsies.  I 
have  no  hesitancy  in  saying  that  definite  and  easily  recognizable 
pathological  clianges  occur  more  often  in  this  tissue  than  in 
many  other  organs  or  tissues,  to  which  far  more  attention  is 
generally  given.  I  hope  to  present  a  review  of  this  material 
before  the  Society  at  another  time. 

I  believe  that  the  real  explanation  of  the  general  disregard  of 
the  bone-marrow  lies  in  the  fact  that  its  investigation  recjuires 
some  extra  trouble,  and  that  the  result  of  the  effort  to  obtain 
specimens  is  not  always  fruitful  or  satisfactory.  Specimens  con- 
taining bone  require  decalcification,  which  often  spoils  the  ma- 
terial for  su1)sequent  microscopic  study.  In  view  of  the  dif- 
ficulty in  ol)taining  satisfactory  pieces  of  bone-marrow  with  the 
methods  ordinarily  employed,  I  have  thought  it  worth  while  to 
describe  a  method  which  an  cx])erience  of  two  years  has  proved 
satisfactory  in  every  way.  I  should  explain  that  it  wa=  at  Pro- 
fessor MacCallum's  suggestion  that  an  investigation  of  the  lione- 
marrow  was  made  a  part  of  the  autopsy  routine  at  the  Tresby- 
terian  Hosi)iial,  rnid  tliat  the  mclhud  described  here  is  a  modifica- 
tion of  one  that  he  proposed. 

A  lantern  slide  illustration  will  sh"\v  the  antup^y  incisiMn 
which  permits  an  examination  of  tlie  niarnw  nf  llie  bunierus. 
The  inci>ion  has  the  added  ad\anlage  of  gi\ing  a  \er\'  free  ex- 
posure of  the  neck  organs  wilJKuU  entailing  a  cut  in  the  skdn 
of   the   neck,    to   which    nbjcctinn    is   often    made,   especialh-    in 
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autopsies  on  women.  The  first  part  of  the  incision  starts  on  the 
right  shoulder  or  upper  third  of  the  right  arm,  passes  upward, 
forward,  and  then  downward,  making  a  broad  curve,  the  lower 
border  of  which  crosses  the  sternum  about  the  third  rib:  the  cut 
ends  on  the  opposite  shoulder.  A  second  median,  vertical  inci- 
sion begins  at  the  point  where  the  first  crosses  the  sternum  and 
ends  at  the  pelvis.  Dissection  of  the  flaps  on  one  side  exposes 
the  upper  third  of  the  humerus.     Two  parallel  saw  cuts  are  then 


N 


Fig.  I. 

made;  the  first  just  below  the  surgical  neck,  the  second  only  two 
inches  below  the  first.  In  each,  the  saw  is  carried  at  least  half- 
way through  the  bone.  Then  with  hammer  and  chisel,  the  bone 
flap  between  the  two  saw  cuts  is  lifted  off,  exposing  the  marrow 
cavity.  Care  should  be  exercised  not  to  chisel  deeper  than  the 
saw  line,  otherwise  the  bone  will  fracture.  The  marrow  is  viewed 
in  situ ;  the  color  and  consistence  are  noted ;  and  then  blocks  of  it 
are  removed  with  a  bone  curette,  which  should  be  of  a  size  just 
admitting   insertion    into   the    cavitv.      Thoug-h   a   verv    friable 
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tissue,  bone-marrow  can  be  taken  out  in  small  solid  chunks. 
These  are  dropped  immediately  into  small  bottles  containing 
fixing  solution  (Zenker's  fluid  and  formaldehyde),  and  kept 
separate  from  the  other  tissues  throughout  the  entire  process  of 
eml)edding.  We  hnd  \ery  con\enient  the  ordinary  fifteen  c.c. 
bottles  with  wide  mouth.  After  being  well  corked,  these  are 
dropped  into  the  big  jar  containing  the  other  organs  from  the 
aut0])sy.  and  the  necessity  for  separate  labeling  is  thus  a\'oidecl. 
By  using  a  small  curette,  pieces  of  bone-marrow  can  be  secured 
from  the  head  of  the  humerus,  as  well  as  from  the  shaft  several 
cm.  below  the  opening  made.  In  the  specimens  obtained  in  this 
way,  there  are  generally  only  a  few  spicules  of  bone,  and  decal- 
cification is  not  necessary,  especially  if  the  tissue  is  fixed  in 
Zenker's  fluid,  which  tends  to  soften  any  small  l)its  of  bone  that 
may  be  present. 

Discitssion : 

Dr.  Ewixc;:  I  think  it  is  essential  to  examine  the  Ijone-marrow  as  a  rou- 
tine procedure.  I  always  have  done  so  and  take  as  a  rule  a  rib  and  vertebral 
bodj-.  It  seems  to  me  that  if  you  ran  that  cut  up  to  the  head  of  the  bone 
you  would  get  a  better  idea  of  the  changes  in  the  lione-inarrow  wliich  may 
be  limited  to  the  ends  of  the  bones.  Of  course,  tlic  main  difficulty  with  the 
study  of  bone-marrow  is  that  j-ou  cannot  examine  all  the  bones  in  the  body. 

Dr.  L..\mbi-:rt:  We  usually  do  make  the  opening  in  the  lionc  a  little  higher 
up  than  is  indicated  in  the  picture,  so  tliat  it  is  jiossilik'  witli  a  curette  to 
obtain  specimens  of  marrow  from  the  diaphysis  of  tlie  Ikiuc.  Dr.  Ewing  is 
probably  right  in  pointing  out  that  bone-marrow  from  mmc  than  one  part 
of  the  skeleton  should  be  examined,  and  I  believe  it  would  be  well  to  take 
pieces  from  one  of  the  flat  bones,  such  as  the  vertebra;,  as  well  as  from  the 
humerus  or  femur,  as  has  been  our  custom.  However,  on  the  basis  of  the 
studies  of  the  marrow  in  more  than  150  cases.  I  am  inclined  to  believe  that 
bone-marrow  changes  are  generally  diffuse,  and  that  an  examination  of  even 
a  single  specimen  from  one  long  bone  gives  a  fairly  accurate  idea  as  to  what 
has  been  going  on  in  the  entire  blood-forming  apparatus. 

Dr.  Ewixg:  Is  there  any  objection  to  this  cut  on  the  part  of  the  under- 
taker? 

Dr.  Lamrkrt:  We  have  never  received  any  protests,  either  from  the 
undertakers  or  from  the  relatives  of  the  deceased.  On  the  contrary,  several 
undertakers  have  expressed  their  approval.  I  might  explain  that  we  are  care- 
ful to  leave  the  carotids  intact,  even  when  there  is  a  thorough  examination 
of  the  neck  organs,  and  that  to  each  carotid-  a  string  is  attached,  the  free 
end  of  which  passes  out  through  the  autopsy  incision.  This  makes  it  an  easy 
matter  for  the  undertakers  to  find  the  vessels,  and  they  seem  particularly 
grateful  to  us   for  our  attention  fn  this  point. 


TISSUE  CULTURES  IN  CANCER.' 

Paper  presented  before  the  Second  Pan  American  Scientiflc  Conffress, 
Washington,  TJ.  S.  A.,  December  27,  191o-January  8,  1916. 

By  ROBERT  A.  LAMBERT, 

epartment  of  Pathology,  College  of  Physicians  and  Surgeons,  Columbia   University, 

New  York  City. 

ABSTRACT. 

The  cultivation  of  tissues  in  vitro  forms  a  very  valuable  addition  to  our  methods  of 
vestigating  cancer  problems.  Factors  may  be  introduced  and  controlled  to  an  extent 
)t  possible  in  experiments  upon  the  living  animal.  One  may  observe  directly  the 
vision  of  cells  and  follow  succeeding  generations  of  cells  under  variously  modified 
mditions  of  life. 

There  are  limitations  to  the  method.  Not  every  cancer  cell  or  normal  tissue  can  be 
iltivated,  and  when  cultures  are  successful  growth  is  by  no  means  comparable  to  that 
iserved  in  cultures  of  bacteria.  Some  tissues  merely  survive.  Human  tissues  offer 
ecial  difficulties,  although  modifications  in  technique  have  enabled  us  to  maintain 
I  active  multiplication  of  human  cells  for  more  than  a  month.  It  is  probable  that 
owth  may  be  kept  up  indefinitely. 

The  method  of  tissue  cultures  has  been  used  by  us  chiefly  in  studying  the  nature  of 
ncer  immunity,  and  in  carrying  out  compai-ative  studies  upon  the  biology  of  cancer 
ills  and  normal  cells.  Further  evidence  has  been  obtained  to  show  that  cancer  im- 
unity  is  not  a  serum  immunity,  that  chculating  antibodies  for  the  cancer  cell  do  not 
dst.  Tumor  cells  grow  actively  in  the  plasma  of  animals  which  are  naturally  or 
tificially  highly  resistant  to  tumor  inoculation.  They  even  grow,  as  do  also  normal 
ills  in  the  plasma  of  certain  foreign  species,  except  when  such  animals  have  been 
imunized  by  suitable  injections  against  the  tissues  of  the  species  to  which  the  tumor 
ilongs.  In  other  words,  cytotoxic  immunity,  in  contrast  to  tumor  immunity,  is 
adily  demonstrable  in  tissue  cultures. 

Interesting  differences  are  observed  in  the  behavior  of  cancer  cells  and  normal 
Us  in  cultures,  especially  when  the  cells  are  subjected  to  the  action  of  certain 
irmful  agents.  Cancer  cells,  particularly  sarcoma,  grow  very  actively  in  the  primary 
dtures,  but  continued  propagation  through  subcultures  is  difficult,  often  impossible, 
le  reverse  is  true  of  normal  connective  tissue  cells  which  become  more  active  in 
bcultures.  This  observation  is  probably  significant,  indicating  either  that  tumor 
lis  are  less  hardy  or  that  in  cultures  some  necessary  substance  is  not  sufficiently 
pplied. 
To  some  physical  agents,  such  as  cold,  tumor  cells  (mouse  and  rat  sarcomata)  appear 

be  more  resistant  than  normal  tissues.  To  other  injurious  agents,  notably  heat, 
e  neoplastic  cell  is  clearly  less  resistant.  Recent  experiments  indicate  that  these 
suits  apply  also  to  human  tissues.     It  is  suggested  that  the  problem  of  the  therapy 

cancer  may  be  profitably  attacked  by  this  method. 

Efforts  have  been  made  to  stimulate  in  various  ways  the  growth  in  vitro  of  cells, 

)th  normal  and  malignant.     Work  in  this  direction  is  promising,  and  is  undoubtedly 

greatest  importance.  The  author  has  been  unable  to  confirm  some  of  the  positive 
suits  reported  by  others.     Some  substances  which  stimulate  the  growth  of  cells 

the  body  appear  to  be  without  effect  in  cultures. 

Finally,  it  is  perhaps  interesting  to  note  that  normal  cells  grown  for  a  long  time 
itside  the  body  do  not  develop  as  the  result  of  then-  freedom  from  the  restraint  of 
e  organism  any  tendency  to  malignant  lawless  growth.  This  is  shown  by  the 
itirely  negative  results  following  the  inoculation  of  subcultm'es  actively  growing  of 
)rmal  connective  tissue  cells. 


The  committee  on  publication  regrets  that,  owing  to  the  absence  of  the  writer  in  South  America,  only 
is  abstract  of  Dr.  Lambert's  paper  can  be  printed. 
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^[ALIGNANT   NEUROBLASTO^vIA 

ROBERT  A.   LAMBERT,    M.D. 
(From  the  Pathological  Laboratory  of  the  Presbyterian  Hospital,  Xezv  York) 

The  term  "malignant  neuroblastoma"  has  been  applied  in 
the  last  few  years  to  a  tumor  occurring  generally  in  infants  or 
-.young  children  and  arising  from  the  undifferentiated  tissue  of 
the  sympathetic  nervous  system.  The  location  of  the  primary 
tumor  is  most  often  in  the  adrenals,  less  commonh'  in  the  retro- 
peritoneum  or  mediastinum ;  but  owing  to  the  wide  distribution 
of  sympathetic  nervous  tissue,  and  the  migratory  power  of  its 
formative  cells,  the  tumor  may.  theoretically,  at  least,  have  its 
origin  almost  anywhere  in  the  body. 

The  true  nature  of  this  tumor  was  not  generally  recognized 
until  a  few  years  ago.  In  the  eighties,  nineties,  and  even  as  late 
as  1910.  there  were  reported  cases  of  lymphosarcoma,  round- 
cell  sarcoma,  glioma,  and  gliosarcoma  of  the  adrenals  which,  it 
is  evident  in  the  light  of  recent  studies,  were  examples  of  neuro- 
blastoma. In  1891.  ^ilarchand  described  a  tuiiior  of  the  adrenal 
and  pointed  out  the  resemblance  of  the  cells  to  those  of  embry- 
onic nerve  tissue;  it  was  not.  however,  until  1905  that  the  histo- 
genesis of  this  group  of  tumors  was  definitely  established.  In 
that  year  Kiister,  a  pupil  of  Ribbert.  reported  two  tumors  of 
the  adrenal  in  children,  which  he  interpreted  as  gliomata. 
Wiesel,  who  had  made  a  special  study  of  the  development  of  the 
sympathetic  nervous  system,  and  especially  of  the  origin  of  the 
adrenal  medulla,  through  the  invasion  of  the  "  anlage  "  of  the 
adrenal  cortex  by  formative  cells  of  the  sympathetic,  called  at- 
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tention  to  the  similarity  lietween  the  tissiie>  composing"  Kiister's 
tumors  and  these  undilterentiated  formati\"e  cells,  or  "  Bildungs- 
zellen,"  pointing  out  that  the  morphology  of  the  cells  and  the 
character  of  the  fibrils  in  the  neoplastic  and  embryonic  tissues 
were  practically  identical,  ^^'iese^s  contention  was  not  dis- 
puted, but  tumors  of  the  adrenal  of  this  t}pe  were  still  reported 
under  various  names  until  19 lo,  when  Wright  published  a  brief 
but  complete  review  of  the  question,  a  re\iew  which  has  secured 
for  this  tumor  fairly  general  recognition.  He  collected  from  the 
literature  eight  cases  which,  iruut  descriptions  and  illustrations, 
could  be  placed  in  the  neuroblastoma  group;  and  to  this  number 
he  added  four  cases  of  his  own.  In  his  paper.  Wright  set  down 
concisely  the  distinguishing  histological  characteristics  of  the 
tumor;  these  ma}-  l)e  summarized  as  follows:  The  tumors  are 
rich  in  cells,  which  niay  \ary  much  in  size  and  shape.  They 
may  be  perxaded  1)}'  connectixe  tissue,  the  cells  of  which  are 
arranged  in  more  or  less  definite  alveoli.  The  essential  cells  of 
the  tumor  are  considered  to  be  undift'erentiated  nerve  cells,  neu- 
rocytes or  neuroblasts,  for  the  following  reasons :  First,  the  cells, 
at  least  in  places,  are  associated  with  delicate  fil)rils.  often  of 
considcral)le  length,  which  do  not  stain  like  neuroglia,  collagen, 
or  fibroglia  filjrils  1)}'  .Mallory's  methods,  and  which  are  like  the 
fibrils  occurring  in  the  "' anlage "  of  the  sympathetic  nervous 
system;  second,  cells  associated  with  these  fibrils  ha\e  the  same 
morphology  as  the  cells  from  which  the  sympathetic  nerxous 
system  and  the  medulla  of  the  adrenal  (le\elop.  which  are  re- 
garded by  cmbryologists  as  arising  from  migrated  |)rimili\-c 
ner\'e  cells.  They  are  generally  small,  with  riaiiul  nuclei  rich 
in  chromatin,  and  have  a  relati\el\' sm;ill  or  imperceptil)le  amount 
of  cytoplasm.  Some  of  ihem  ma}-  be  ])}riform  in  shape  and 
their  cyto])lasm  may  be  proloi^gcd  into  lilamentous  processes  like 
the  fibrils  referred  to  abox'e :  ihird,  the  cells  and  liljrils  in  places 
are  arranged  more  or  less  like  the  nein'oc}tes  and  their  fibrils 
in  the  sym])athelic  ner\'ous  S}slem  at  certain  periods  ol  its  devel- 
opment and  in  the  "anlage"  of  the  adrenal,  'flic  fibrils  may  be- 
arranged  parallel  to  due  another  in  bundle^  which  are  intimately 
associated  with  masses  of  cells,  or  the\-  uia\-  be  seen  as  a  mesh- 
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work  in  the  center  of  ball-like  aggregations  of  cells  to  which  the 
name  "  rosette  "  has  been  applied. 

Since  Wright's  paper  was  published,  at  least  eleven  other 
cases  of  malignant  neuroblastoma  have  been  reported,  and  sev- 
eral excehent  reviews  of  the  subject  of  tumors  of  the  sympathetic 
system  have  appeared.  One  of  the  best  of  these  is  by  Wahl,  in 
which  there  is  a  thorough  discussion  of  all  three  of  the  well- 
recognized  tumors  originating  from  sympathetic  ncrx'ous  tissue, 
namely,  iiialignant  neuroblastoma,  arising  frum  the  undiffer- 
entiated sympathetic  formative  cells,  gaiigliouciiroiiia.  from  dif- 
ferentiated nerve  fibers  and  ganglion  cells,  and  j^araganylioma, 
from  chromaffin  cells.  The  relations  of  the-e  three  tumors  to 
one  another  and  to  the  tissues  of  the  sympathetic  system  out  of 
which  they  develop  are  well  shown  in  the  following  diagrams 
taken,  with  some  modifications,  from  AA'ahl's  paper. 

Chart    I 
Neuroectoderm  of   Medullary  Tube 

S.vmpathogonia 

or 

Sympathetic  Formative  Cells   ( "  Bildunoszelleu  "  of  Wiesel ) 


Sympathetic 

System 


Sympathoblasts 

or 

Transitiou     Cells 

i 

Ganglion  Cells 

and 

Sheath  Cells 


Phaochromoblasts  1 


Phaochromocytes 

or  I 

Chromaffin  Cells  J 


Chromaffin 
f     System 


In  the  second  diagram,  in  addition  to  the  three  well-recog- 
nized tumors  emphasized  by  italics,  the  names  of  two  other 
tumors  are  given,  sympathoblastoma  or  transition-cell  tumor, 
and  phaochromoblastoma,  a  tumor  made  up  of  undifferentiated 
chromaffin  cells.  Only  a  single  case  of  sympathoblastoma  has 
been  reported  (Martins,  1913),  and  that  was  not  a  pure  exam- 
ple, showing  in  places  diff'erentiated  nerve  cells  and  fibrils. 
Phaochromoblastoma  is  onl}-  a  theoretical  possibility,  no  such 
tumor  having  yet  been  described. 
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Chart    II 

MaVujuant  Xcnroblastouia   (Landau) 

Xeurocytoma   (Wright) 

Ganglioma   Emijryoiiale   Sympathicum    (Pick) 


Sympathoblastoma   ( Martins) 
GangVifl)icuroiua 


Ph;iocliromol)la  stoma 

Panu/uiii/lioimi    ( Suzuki) 

or 
Cliromaffin  Cell  Tumor 


Of  the  tlirce  names  proposed  for  the  niah'gnant  tumor  de\'el- 
oping  out  of  differentiated  formati\e  cells,  malignant  neuro- 
blastoma, proposed  by  Landau,  is  to  be  preferred.  The  term 
"neurocytoma"  should  not  be  used  for  this  tumor,  since  it  has 
l)een  gi\-en  already  by  ]\Iarchand  to  a  tumor  of  the  cerebrospinal 
system  made  up  of  entirel}'  undifferentiated  cells  without  fibril 
formation.  Pick's  term,  "ganglioma  embryonale  sympathi- 
cum,"" is  inaccurate,  as  W'ahl  has  pointed  out.  because  it  implies 
the  presence  of  either  dift'erentiated  or  undiff"erentiated  ganglion 
cells,  whereas  the  formative  cells  of  the  tumor  may  give  rise  to 
either  ganglion  cells  or  chromaffin  cells. 

1  he  writer's  interest  in  tumors  (^f  the  sympalhelic  system 
was  aroused  by  the  study  of  a  case  of  malignant  neuroblastoma 
which  came  to  autopsy  recently  at  the  Presbyterian  Hospital. 
The  rclatixe  infrequency  of  thi.>  tumor  is  the  chief  excuse  for 
presenting  a  report  of  it  to  the  Society.  Additional  interest 
may  be  given  the  case,  howcxer.  b}-  the  fact  that  it  does  present 
certain  atypical  features. 

Clinical  llistorv. — (jirl.  aged  five  years,  had  diarrhea  when 
eight  months  old,  and  measles  at  three  years.  Seven  months 
ago  she  had  an  abscess  cjf  the  neck  which  healed  readily  after 
surgical  incision. 

Present  illness  began  four  and  ;i  halt"  months  before  admis- 
si(;n  to  hos])ital,  that  is.  six  montlis  before  death,  with  severe 
cold,  accomjjanied  by  cough  and  fe\er.  After  a  tew  days  in 
bed,  the  ])atient  developed  shifting  ])ains  in  joints,  abdominal 
pain  after  eating,  and  attacks  of   frontal  headachr  every  day  or 
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two;  she  lost  weight  steadily  with  progressive  weakness  and 
anemia ;  had  been  continually  in  bed.  Enlargement  of  axillary 
and  cervical  h-mph-nodes  was  noticed  six  weeks  Ijefore  coming 
to  the  hospital,  that  is,  three  months  after  onset  of  illness. 

Physical  cxauiination  on  admission  showed  marked  enlarge- 
ment of  axillary,  cervical,  and  inguinal  lymph-nodes,  prominent 
nodules  on  right  frontal  bone,  right-sided  exophthalmos,  dis- 
tended abdomen,  enlargement  of  heart  to  left,  and  anemia. 

The  red  blood  cells  numbered  2,400,000;  the  hemoglobin 
was  41  per  cent.  There  were  6,000  leucocytes,  with  72  per  cent, 
of  neutrophiles.  There  were  no  nucleated  red  cells.  The  W'as- 
sermann  reaction  was  negative.  Examination  of  the  urine  was 
negative  (no  Bence-Jones  protein).  An  .r-ray  plate  showed  ex- 
tensive rarefaction  of  pelvic  bones,  lumbar  vertebrae,  tibia,  and 
skull. 

The  patient  died  after  six  weeks  in  the  hospital.  During 
this  time  there  was  irregular  remittent  fever,  generally  lOO"  to 
102°,  pulse  120  to  140.  Weakness  increased  progre?si\eh'  with 
enlargement  of  the  l}-mph-nodes,  especially  the  axillary  and  cer- 
vical. A  large  abdominal  mass  could  be  palpated  in  the  region 
of  the  umbilicus,  and  another  about  the  rectum.  Exophthalmos 
became  pronounced  in  both  e^es.  A  lym^jh-node  was  excised, 
and  microscopic  examination  of  this  established  the  diagnosis 
of  malignant  neuroblastoma. 

The  autopsy  was  performed  sixteen  hours  after  death.  The 
body  was  marliedly  emaciated  and  small  for  the  age.  Exoph- 
thalmos was  pronounced  in  Ijoth  eyes,  most  marked  in  the  left. 
The  glands  of  the  neck,  axilla,  and  inguinal  region  on  l)()th  sides 
were  greatly  enlarged,  but  fairly  discrete;  the  popliteal  glands 
were  palpable;  those  of  the  epitrochlear  region  were  not.  On 
the  right  frontal  bone  there  was  a  rounded  firm  prominence,  5 
cm.  in  breadth,  over  which  the  skin  moved  readily.  Less  pormi- 
nent  ncdules  could  1]e  felt  over  the  entire  vertex. 

Thorax. — There  was  a  small  th}'mic  fat  pad,  weighing  about 
15  gm.,  but  little  visiljle  thymic  tissue.  There  was  a  slight  ex- 
cess of  fluid  in  both  pleural  cavities,  with  organized  adhesions 
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Fk;.  I.  Neuroblastoma:  Retroperitoneal  tumor  witli  involvement  of  ])eri- 
par.creatic,  aortic,  and  pelvic  lymph-nodes.  Adniials.  kidnevs.  ureters,  blad- 
der, and  rectum,  partially  surrounded  l)Ut  not  invaded  by  tumor. 
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about  the  apex  of  the  left  king.  Heart  and  lungs  showed  noth- 
ing pathological  except  pallor  of  the  cardiac  muscle.  After 
their  remiAal,  a  mass  of  tumor  tissue  was  seen  in  the  posterior 
mediastinum,  surrounding  the  descending  aorta,  and  small  nod- 
ules were  firmly  attached  to  the  ril)s  in  various  places.  These 
nodules  extended  into  the  ribs  and  were  obviously  metastases  in 
the  b<;ne  which  had  broken  through  the  periosteum.  The  costal 
pleura  over  them  was  smooth. 

Abdomen. — The  peritoneal  cavity  contained  aljuut  lOO  c.c 
of  clear  yellow  fluid.  Idie  li\er  extended  3  cm.  below  the  costal 
margin;  the  kidneys  and  spleen  api)eared  to  be  in  normal  posi- 
tions. The  stomach  and  pancreas  were  pushed  forward  by  a 
large,  firm,  nodular  mass  in  the  retroperitoneum  (Fig.  i  ).  The 
mass  had  no  definite  outline,  but  extended  dowm  along  the  aorta, 
and  was  continuous  with  the  enlarged  iliac  and  inguinal  nodes. 
The  mesenteric  nodes  were  small,  none  exceeding  0.5  cul  in 
diameter. 

The  liz'er  weighed  700  gm.  and  like  all  the  other  organs 
was  pale,  almost  white  when  the  blood  was  washed  off.  The 
lobules  were  faintly  seen,  l)ut  were  of  normal  size;  there  were  no 
tumor  nodules. 

The  spleen  weighed  y^  gin.  The  Alalpighian  bodies  were 
distinctly  seen  as  white,  opaque  dots  scattered  uniformly  through 
the  pulp;  there  was  no  gross  evidence  of  tumor. 

The  left  adrenal  could  be  easily  dissected  from  the  retroperi- 
roneal  mass;  it  was  quite  thin,  but  the  cortex  and  medulla  were 
distinctly  outlined.  The  right  adrenal  was  partially  surrounded 
by  tumor,  but  not  infiltrated  by  it  (Fig.  2).  Like  the  left,  it 
was  very  thin,  as  though  compressed  by  the  adjacent  tumor  mass. 

The  kidneys,  bladder,  uterus,  adnexa,  esopJiagus,  stoniaeli, 
and  intestine  showed  nothing  pathological. 

In  opening  the  skull  the  saw  line  was  carried  through  the 
prominence  on  the  right  forehead.  This  was  found  to  be  tumor, 
evidently  a  metastatic  nodule  in  the  frijntal  bone.  Sinfilar 
smaller  metastases  were  present  in  other  portions  of  the  skull. 
The  metastases  in  the  frontal  bones  had  extended  through  the 
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Adrenal 
surrounded 
but  not  Invaded 
by  Tumor. 


Fic.  2.     Right  kidney,  arlronal,  and  rt'tropcr'.loncal  tumor.     .W-i.uIihorinL;  lymph- 
nodes  are  replaced  hy  tumor,  hut  ki(hK'y  and  adrrnal  arc  not  inva(lc(h 


dura  and  inxadcd  Ixitli  fruiiial  lolx-s.  'I'Iktc  was  a  similar  in\a- 
sion  of  llic  rii.,dil  parietal  hibc.  A  mass  of  tiimnr  ])ri  ijtH-lcd  iiiln 
the  cranium  from  each  orbital  fossa.  .Miilli])k'  scrlimis  ihroui;!! 
the  brain  showed  no  metastases  exrc])t  ilm-c  which  had  imadcd 
it  through  the  skull. 
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The  size  of  the  main  abdominal  tumor  with  its  anatomical 
relations  is  very  well  shown  in  the  first  cut.  The  tumor  had  no 
limiting  capsule  and  had  spread  widely  through  the  retroperi- 
toneal tissues.  There  was.  however,  no  macroscopic  infiltration 
of  any  of  the  adjacent  viscera — pancreas,  spleen,  liver,  adrenals, 
or  kidneys.  A  large  part  of  the  tumor  mass  was  made  up  of 
big.  partially  fused,  retroperitoneal  lymph-nodes  which  were 
entirely  occupied  by  neoplastic  tissue.  The  iliac  and  inguinal 
nodes  were  similarly  involved,  but  were  fairly  discrete  with  little 
or  no  evidence  of  invasion  of  their  capsules.  This  was  true  also 
of  the  axillary  and  cervical  nodes,  some  of  which  measured  5 
to  6  cm.  in  diameter.  The  tracheal  nodes  were  smaller,  Init  in 
places  their  capsules  had  been  invaded  with  an  extension  of  the 
tumor  to  the  adjacent  muscles.  The  glands  at  the  hilum  of  the 
lung  were  not  involved.  There  was,  however,  a  continuous 
stretch  of  tumor  along  the  entire  length  of  the  aorta,  in  which 
the  capsule  of  a  node  could  now  and  then  be  made  (jut.  The 
psoas  muscles  were  extensively  infiltrated.  In  the  deeper  por- 
tion of  the  pelvis,  around  the  rectum,  there  was  a  big  mass  of 
tumor  which  was  continuous  with  the  pelvic  bones.  It  was 
difiicult  to  make  out  which  way  the  tumor  was  growing,  whether 
from  the  bones  into  the  pelvis  or  ^■ice  versa. 

The  character  of  the  tumor  tissue  was  very  much  the  same 
everywhere.  It  was  firuL  but  not  hard,  and  moderately  frial)le. 
The  color  in  most  places  was  a  uniform  gray,  and  the  tissue  was 
semi-translucent.  There  was  only  an  occasional  fibrous  septum, 
and  no  macroscopic  foci  of  necrosis  or  softening.  There  were 
a  few  small  hemorrhages  in  the  cervical  and  axillary  nodes ;  and 
in  the  retroperitoneal  tumor  se\"eral  extensi\'e  hemorrhagic  areas 
were  present.  These  were  seen  also  in  the  metastases  in  the 
skull  bones. 

It  is  not  possible  to  say  with  absolute  certainty  just  where 
the  tumor  originated,  but  the  greater  size  of  the  retroperitoneal 
grow^th  makes  it  probable  that  the  tumor  began  there. 

Microscopical    E.vaiiiiiiatioii.  —  The    tumor    showed    every- 
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where  the  same  hist(Mogical  features;  aiul  the  description  of  the 
inguinal  node  removed  during  Hfe  apphes  equally  well  to  the 
tumor  found  at  autopsy : 

The  growth  was  composed  of  cells  relatively  small  in  size, 
with  round,  chr.  matin-rich  nuclei  and  scanty  cytoplasm.  There 
was  a  tendency  toward  an  alveolar  arrangement  of  the  cells, 
which  was  quite  pronounced  in  some  sections.  In  places  there 
were  aggregations  of  cells  arranged   in  circles  with  a   central, 


Fig.  3.     Xcurol)lastoma  :  Low  power  (Irawin,^  sliowint 

of  cells  and   rosettes. 


alveolar  arrantiemeiit 


pink-Staining  tangle  of  fine  fibrils,  identical  in  every  res])cct  with 
the  rosettes  described  by  Wright  and  others.  The  stroma  ot 
the  tumor  was  quite  loose  and  delicate,  but  was  exerywhcre  dis- 
tinctly seen.  Rosette  formation  was  a  more  striking  feature  of 
.some  of  the  large  retrojieritoncal  nodes  than  of  the  inguinal  node 
(Fig.  3).  Indeed,  in  some  of  the  ^ectii'ns  almost  all  the  tumor 
cells  were  thu^  arranged.  In  such  places  the  stroma  was  \-ery 
scantN'.      In  a  sectic^n  of  one  gland,  several  areas  ol  necrosis  were 
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found,  but  in  general  both  necrosis  and  hemorrhage  were  only 
exceptionally  encountered.  \, 

^Macroscopic  metastases  were  noted  only  in  the  lymphatic 
and  osseous  systems,  but  microscopically  they  could  be  demon- 
strated, also,  in  the  ovary,  liver,  spleen,  and  adrenals.  In  the 
ovary,  there  was  a  small  but  well-organized  tumor  nodule  occu- 
pying less  than  a  low  power  microscopic  field.      In  the  spleen, 


Fig.  4.  Xeuroblastoma :  High  power  drawing  showing  morphology  of 
cells,  fonr.at'on  of  rosettes  with  central  mass  of  fil-rlls.  and  delicate  con- 
nective tissue  stroma. 

there  were  no  circumscribed  tumor  foci,  but  scattered  every- 
where through  the  pulp  were  small  aggregations  of  tumor  cells, 
arranged  generally  in  rounded  clumps  or  rosettes,  which  ap- 
peared to  lie  in  distended  sinuses  without  any  supporting  stroma 
(Fig.  4).  The  Ivmphoid  follicles  were  nowhere  invaded.  In 
the  liver,  two  types  of  foreign  cells  were  seen :  first,  cells  resem- 
bling lymphocytes  with  deep-staining  nuclei  and  scanty  cytoplasm 
lying  between  the  cords  of  li\-er  cells.  These  were  few  in  num- 
ber and  never  more  than  five  or  six  together;  they  were  prac- 
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ticall}'  identical  in  appearance  with  the  l)li)od-formini;'  elements 
generally  seen  in  the  livers  of  congenital  syphilitic  infants,  and 
represent,  no  doubt,  an  effort  to  extramedidlary  blood  formation, 
demand  for  which  was  aroused  through  the  extensive  replace- 
ment of  the  bone-marrow  by  tumor.  The  cells  of  the  second 
t}'pe.  seen  both  in  the  li\er  and  adrenal,  were  distinctly  neoplas- 
tic. They  la}-  free  in  the  capillaries;  and  the  groups  w'ere  too 
small  for  an}-  arrangement  into  ball-like  aggregations  or  rosettes. 
Specilic  neuroglia  and  fibroglia  stains  were  applied  to  sec- 
tions showing  the  most  alnnulanl  lil)ril  formation,  but  the  results 
were  uniformly  negatixe.  ddiis  is  in  accord  with  the  experience 
of  Wrisht  and  others. 


J  *r5>     ^^ 


**s  .- 


^  n 


Fh;.  5.     Neuroblastoni.i     Mtt   std^is  m  s])ltcii      Vote  discrete  j^roups  of  IniiiDr 
cells  grovvin;^  in  sinuses  ol  luilp.  with  tendeney  to  rosette  t'orniation. 


Analoiiticul  JJiiU/iiosis. —  Xcuri  iblasii  una.  arising  in  rclri  i])eri- 
toneum ;  metastases  in  iliac,  inguinal,  mediastinal,  axillarw  and 
cervical  l}-mph-nodes.  spleen.  o\ar\-.  and  osseous  sx'stem,  es])C- 
.cially  pehic  bones,   \ertebr;e  and   skull;  groups  of  cells    free  in 
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capillaries  of  adrenal  and  liver;  replacement  of  bone-marrow  by 
tumor  with  extramednllary  blood-formation  in  liver;  anemia. 

SUMMARY 

This  case  presents  all  of  the  distinguishing  histological  fea- 
tures of  the  malignant  neuroblastomata.  The  tumor  cells  are 
quite  characteristic  in  their  morphology  and  in  the  tendency 
toward  an  arrangement  into  alveoli  and  rosettes.  There  is 
abundant  formation  of  fibrils  which  do  not  give  the  specific 
neuroglia  or  fibroglia  standing  reactions. 

In  the  location  of  the  primary  tumor  and  in  the  distribution 
of  metastases  the  case  is.  however,  not  so  typical.  The  accom- 
panying list  of  previously  reported  neuroblastomata  shows  that 
the  primary  tumor  was  found  most  often  in  the  adrenals,  which 
in  our  case  were  uninvolved,  except  for  the  presence  of  small 
groups  of  cells  free  in  the  capillaries. 

It  is  also  exceptional,  according  to  this  list,  for  the  liver  to 
be  spared  in  cases  where  metastases  are  present,  gross  nodules 
being  found  in  fourteen  out  of  sixteen  cases.  In  our  case  there 
were  no  macroscopic  metastases  in  the  li\er,  and  microscopically 
only  a  few  cells  in  the  blood-vessels  were  found,  as  in  the 
adrenals. 

The  present  case  is  the  first  to  be  reported  in  which  metastases 
were  found  in  the  spleen  and  ovary.  These  were  not  recogniza- 
ble in  the  gross  specimens  and  were  found  only  in  the  routine 
microscopical  examination  of  organs.  It  is  quite  possible  that 
similar  small  metastases  may  have  been  overlooked  in  some  of 
the  previously  reported  cases  where  complete  microscopic  studies 
were  not  made. 

Widespread  metastasis  in  the  lymphatic  system  and  bones, 
especially  the  skull,  as  found  in  the  present  autopsy,  appears  to 
be  a  characteristic  feature  of  the  more  malignant  types  of  neuro- 
blastoma. The  seven  cases  of  primary  sarcoma  of  the  adrenal 
with  metastasis  to  the  skull,  reported  by  Hutchinson,  very  prob- 
ably belong  to  this  group. 
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Cases  of  Malignant  Neuroblastoma 


Author,  Date 


Age 


Dalton,  18S5 6  weeks 

Marchand,  1S91...   >j  monlhs 
Amberg,  1904 2  nioiuhs 


liruck,  1904 14  months 

Richards,  1905...  2  weeks 

Kiisler,  1905, 

Case  1 14  weeks 

Case  II 34  years 

Lapointe&  Lecene 

1907 19  months 

Alezais  \-  Peyioii, 

1907 6  years 

Schilder,   1909 7  days 

Hecht,     909 9  years 

Tileston    &    Wol  j 

bach,    1910  ....     16  months 

Wright,  1910, 

Case  I I  day 

("ase  II Adult 

Case  III   ? 

Case  IV 16  montlis 

Pick,  1912  23  years 

Landau,  1913, 

Case  I 8  months 

Case  II 2',  years 

(-'ase  III   I  day 

Symmers,  1913....  44  years 
Anitschkow, 

1913 4  months 

Dunn.  1914 14  years 

Glo'ii-'-'.   I'd  ^  .  .     2  vfars 


Sex 

Location 

Metastases 

Diagnosis 

M. 

Left  adrenal 

Liver 

Lymphosarcoma 

F. 

Right  adrenal 

None 

Neurocytoma  ? 

1-. 

Lett  kidnev 

Liver,  right 

Malignant  tumor 

adrenal  ? 

ot  adrenal  me- 
dulla 

V. 

Right  adrenal 

Liver,   [lancreas, 

Hemorihagic 

skull,       lymph 

round-cell  sar- 

gland 

coma 

M. 

Left  adrenal 

Liver,         lymph 

Small    round-cell 

gland 

sarcoma 

? 

Right  adrenal 

Liver,     left     ad- 
renal 

Glioma 

M. 

Left  adrenal 

None 

Glioma 

F. 

1  .eft  adrenal 

Lymph      gland, 
mediastinum 

Glioma 

M. 

Between  rectum 
and  sacrum 

None 

Parasympathoma 

F. 

Right        kidney 
attached  to  2d 
le  t  \ertel)ra 

None 

Malignant  glioma 

F. 

Ketropentoneum 

Adrenal,      liver. 

I.ympho-  or  glio- 

lymph     gland, 

sarcoma 

duodenum 

M. 

Between       right 

Bones  and  lynijih 

1  vniphoma  ? 

kidney  and  liver 

gland 

M. 

Both  adrenals 

-i 

Neurocvtonia  or 
neuroblastoma 

M. 

Ililum  of  lung 

Liver 

do. 

■) 

Cerebellum 

\one  ? 

do. 

F. 

Multiple,  retro- 

Mediastinum, 

do. 

Ijentoneum, 

liver,  pelvis? 

skull 

F. 

Uterus  and  i)road 

LivtM  and  lymph 

Ganglioma      em- 

ligament 

gland 

bryonale  sym- 
jinthicum 

F. 

Retioperitoneum 

Liver 

Malignant  neuro- 
blisloma 

F. 

Right  adrenal 

I.i\cr,         hin])li 

■Malit^nanl  nt'uro- 

gland,  kidni'v 

bhistonui 

bones 

V.     Left  adrenal,            Liver,         l\niph,  Malignant  neuro- 

j      right  adrenal           gland  blastoma 

M.    Scapular  region       None  Neuroblastoma 

F.     Relroperiloiieum    Infiliralion     into  Malignant  neuro- 

spinal  lanal  lilastoma 

M.    Right  adrenal          Notie  Neuroblastoma 

M.    Right  adrenal         Liver,        lymph  Neuroblastoma 
j     gland? 
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Malignant  Xcw  iitinued 


Author,  Date  Age  Sex  Location  Metastases  ,  Diagnosis 


Harbitz,  1915, 

Case  T  3  years  ?     In    front    of   sa-     None 


Neuroblasti)ma 


cruni 

Case  II.. 6',  years        ?      Left  adrennl  I.iver  Neuroblastoma 

Case  III  Fetus  M.    Sacral  region  ?  Neuroblastoma 

The  cases  of  primary  sarcoma  of  the  adrenal  reported  by  Parker,  De 
Ruyter.  Heaton,  and  Hutchinson  probably  belong  here.  They  have  not  been 
included,  however,  because  of  incomplete  data. 
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Disciissio)! : 


Dr.  Ewing  :  This  case  is  peculiar  in  tliat  it  does  not  involve  the  adrenals. 
It  is  limited  to  the  lymphatic  system  apparently,  and  in  several  respects  it  is 
different  from  the  majority  of  adrenal  neurohlastomata  which  tend  to  involve 
the  liver.  It  might  be  well  to  add  to  the  evidence  already  presented  the 
results  of  specific  stains,  to  determine  whether  definite  fibrils  can  be  demon- 
strated. I  am  inclined  to  think  that  neuroblastoma  is  not  so  rare  as  has  been 
reported.  I  do  not  know  whether  Dr.  Lambert  has  seen  Dr.  Symmers's  case. 
We  have  another  tumor  in  our  laboratory  which  we  have  classified  as  a 
neuroblastoma,  and  I  imagine  that  in  the  services  of  children's  hospitals  the 
country  over,  malignant  tumors  of  this  sort  are  still  occasionally  escaping 
recognition.  I  belie->e  that  Wright  or  Tileston  and  Wolbach  have  collected 
a  number  of  cases  which  had  been  wrongly  interpreted.  It  is  probably  true 
that  certain  tumors  in  children  reported  as  lymphosarcomata  are  types  of 
neuroblastoma  of  the  adrenals.  One  of  these  groups,  forming  quite  a  series, 
was  described  b\'  Pepper  and  Stengel  some  years  ago. 

Since  a  tumor  of  this  nature  may  produce  round  cells,  I  think  it  wise 
that  lymphosarcomata  in  children  should  in  general  be  regarded  with  sus- 
picion unless  they  are  quite  characteristic  in  distribution.  Of  course,  with 
many  indifferent  round-cell  tumors  it  may  be  imjjossible  to  recognize  the 
histogenesis,  but  in  my  opinion,  lymphosarcoma  is  the  last  diagnosis  which 
should  be  made  in  children. 

Dr.  Moschcowitz  :  In  connection  with  Dr.  Kwing's  suggestion  that  these 
tumors  are  probably  more  frequent  than  is  generally  supposed,  I  recall  seeing 
abroad  tumors  demonstrated  as  glioniata.  in  which  rosettes  of  an  appearance 
identical  with  that  described  by  Dr.  Lainl)ert  were  present.  They  are  known 
as  '■  Winterstein's  rosettes."  in  all  probal)ilit\'  some  of  these  tumors  were 
neurohlastomata. 

Dr.  Lambert:  This  case  is  exceptional,  though  not  uni(|ue,  in  not  having 
its  origin  in  the  adrenal  and  in  not  showing  extensive  metastases  in  the  liver. 
Among  the  twenty-seven  cases  which  I  was  able  to  collect  from  the  litera- 
ture, there  were  eleven  in  which  the  adrenal  was  uninvolved ;  in  four  of 
these,  the  primary  tumor  was  in  the  retroperitoneum,  as  in  my  case.  Regard- 
ing the  incidence  of  these  tumors,  I  am  inclined  to  disagree  with  Wright,  wlio 
having  seen  four  in  one  year,  believes  that  the  tumor  is  not  an  nnconnnon 
one,  but  is  often  overlooked.  The  growth  jiresents  such  a  striking  clinical 
and  pathological  picture  that  it  is  difticult  to  understand  how.  in  children 
especially,  it  could  be  overlooked  or  confused  with  any  other  type  of  neo- 
plasm. Furthermore,  several  pathologists,  including  Symmers  and  myself, 
who  have  looked  over  a  large  number  of  tumors  in  several  institutions,  have 
been  unable  to  find  any  other  cases  than  those  rejiorted. 

In  making  a  diagnosis  of  neuroblastoma,  sjiecial  stains  are  of  value  only 
in  a  negative  way,  as  I  pointed  out  in  my  paper.  Fibrils  are  abundant  in 
most  of  the  cases.  They  do  not  stain,  of  course,  as  neuroglia  or  fibroglia 
filirils.  Hcrxheimer,  I  believe,  was  able  to  show  that  they  reacted  as  nerve 
fibers  with  the  Rielscbowsky  silver  method,  whicli  I  have  not  used. 


[Reprinted  from  Proceedings  of  the  New  York  Pathological  Sociki'.. 
N.S.,  Vol    XVIII    No.  1-5.  January-May,  1918.I 

ECHIXOCOCCUS  CYSTS  IX  A  MONKEY 

ROBERT   A.    LAMBERT,    M.D. 

{From   the  Department  of  Pathology,  College  of  Physicians  and  Surgeons, 
Columbia  University) 

The  specimen  consists  of  a  Macaciis  rhesus  monkey,  which 
died  in  the  Bronx  Zoological  Garden.  It  was  sent  to  Professor 
Huntington  for  anatomical  study,  but,  finding  a  striking  patho- 
logical condition  present,  he  kindly  turned  the  animal  over  to  me. 
The  abdomen  was  enormously  enlarged,  and  full  of  cysts.  These 
were  attached  to  the  peritoneum  everywhere,  but  especially  over 
the  omentum,  mesentery,  and  lower  surface  of  the  liver.  Only 
the  capsule  of  the  liver  was  involved,  there  being  no  cysts  any- 
where in  the  substance  of  the  organ.  There  were,  also,  no  cysts 
in  the  spleen,  kidneys,  or  thoracic  organs.  The  cysts  grossly  re- 
sembled in  every  way  those  which  are  so  commonly  found  in 
pigs,  and  were  not  different  from  the  multilocular  cysts  of  the 
liver  occasionally  encountered  in  man.  The  larger  cysts  con- 
tained daughter-cysts,  and  inside  were  the  so-called  grand- 
daughter cysts.  ^Microscopic  examination  of  the  fluid  in  the 
cysts  revealed  numerous  scolices,  which  in  the  fresh  state  were 
seen  to  be  definitely  motile.  Adherent  to  the  inner  walls  of  the 
sacs,  the  scolices  could  be  seen  with  the  naked  eye  as  tiny,  yellow 
specks.  After  autopsy  the  specimen  was  placed  in  a  very  cold  ice- 
box overnight,  and  on  the  following  morning,  some  of  the  cysts 
were  fed  to  two  dogs.  These  were  kept  for  six  weeks  and  then 
killed.  In  the  feces  of  these  dogs,  during  life  and  after  death. 
we  failed  to  find  any  ova  of  Tccnia  ccliinococciis,  and  a  careful 
examination  of  the  gut,  at  autopsy,  revealed  no  worms.  It  is 
possible  that  the  animals  were  not  kept  long  enough,  since  some 
investigators  have  found  that  the  worms  do  not  develop  before 
eight  or  nine  weeks.  It  is  -^^^o  possible  that  these  particular  dogs 
were  not  favorable  hosts,  although  it  has  been  noted  that  the  per- 
centage of  dogs  which  can  not  be  infected  is  small.  The  fluid 
in  the  cysts  was  partially  frozen  in  the  cold  ice-box,  so  that  the 
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chilling  of  the  wornis  may  have  been  a    factor   in  preventing 
infection. 

It  may  be  stated  that  echinococcus  infection  in  monkeys  is 
not  rare,  especially  among  those  which  have  been  fed  on  fresh 
meat  in  zoological  gardens. 
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A  SIMPLE  AND  INEXPENSIVE  METHOD  OF  PRE- 
PARING COLORED  LANTERN  SLIDES 
FOR  TEACHING 

ROBERT   A.    LAMBERT.    M.D.,   AND  ALFRED   FEINBERG 

{Department  of  Pathology,  College   of  Physicians  and  Surgeons,   Columbia 

Uniz'crsity) 

111  teaching  the  course  in  pathology  at  the  College  of  Phys- 
icians and  Surgeons  during  the  past  few  years,  a  projection  ap- 
paratus, or  epidiascope,  has  been  used  for  demonstrating  micro- 
scopic sections,  photographs,  drawings,  etc.  Recently,  owing  to 
structural  alterations  in  the  building,  it  was  found  impossible  to 
darken  the  classroom  sufficiently  for  satisfactory  projection. 
We  therefore  had  to  resort  to  the  use  of  lantern  slides  which,  as 
you  know,  may  be  shown  in  a  semi-darkened  room.  It  occurred 
to  us,  however,  that  students,  accustomed  to  stained  histological 
preparations  and  colored  illustrations,  would  not  find  the  black 
and  wdiite  lantern  slide  a  satisfactory  substitute  for  the  projected 
stained  section  or  colored  picture.  We  therefore  decided  to  use 
colored  lantern  slides.  pro\'ided  a  simple  and  inexpensi\e  method 
of  preparing  them  could  be  devised.  There  are  two  types  of 
colored  lantern  slides  in  common  use.  Lumiere  plates,  and  hand- 
colored  slides.  The  preparation  of  Lumiere  plates  was  not  at- 
tempted on  account  of  the  expense,  and  the  recognized  difficulties 
and  unsatisfactory  results  of  the  method.  The  cost  of  hand- 
colored  slides  also  appeared  prohibitive,  since  the  people  who  do 
this  work  as  a  business  make  a  charge  of  a  dollar  to  a  dollar  and 
a  half  per  slide.  Wt  needed  four  hundred  or  five  hundred  slides, 
for  which  the  cost,  therefore,  would  have  been  around  five  hun- 
dred dollars.  After  some  little  experimentation,  w^e  found  that 
lantern  slides  could  be  colored  easily  in  the  laboratory  at  small 
expense.  The  two  methods,  which  have  proved  simple  and  prac- 
ticable, can  be  described  in  few  words. 

The  first  method  is  practically  the  same  as  that  ordinarily 
employed,  except  for  a  few  short  cuts  and  modifications.     The 
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slide  is  printed  light,  but  ^vith  as  sharp  detinitioii  as  possible. 
Over  this  light  positive,  the  desired  colors  are  laid  on  \vith  a  tine 
brush.  Japanese  water  colors  are  used.  In  illustrating  micro- 
scopic sections,  where  generally  a  hematoxylin-eosin  effect  is 
aimed  at,  it  has  been  found  unnecessary  t<:)  color  the  nuclei  blue. 
— a  tedious  matter  in  low  power  illustrations, — since  the  dif- 
ference between  blue  and  the  original  black  is  not  very  notice- 
able. Cytoplasm,  connective  tissue,  and  muscle  are  colored  pink. 
In  many  instances,  a  tone  of  pink  applied  rajjidly  oxer  the  entire 
slide  produces  the  desired  effect.  To  make  a  colored  lantern 
slide  from  a  colored  drawing  sometimes  offers  difficulty,  since 
certain  colors,  particularly  reds  and  yellows,  come  out  very  dark 
in  the  print,  making  it  difficult  or  impossible  to  lay  on  subse- 
quently the  proper  color.  This  difficulty  has  been  overcoiue  by 
touching  up  the  negative  so  as  to  get  a  light  positive,  that  may  be 
easily  colored.  There  are  other  small  details  which  any  intel- 
ligent laboratory  assistant  with  good  color  sense  will  easily  work 
out  for  himself.  Illustrations  of  gross  specimens  arc  more  easily 
colored  than  those  of  microscopic  preparations,  since  there  is 
generally  less  detail,  and  oftentimes  a  single  tone  over  the  entire 
picture  will  give  a  very  pleasing  eff'ect.  The  shading  in  the  orig- 
inal black  and  white  gives  the  proper  variations  in  depth  of  color. 
In  this  way,  an  ordinary  uncolored  slide,  which  may  mean  little 
to  the  students,  can  be  converted  into  an  impressi\e  colored  illus- 
tration in  two  or  three  minutes  with  little  or  no  expense. 

The  second  method  consists  in  drawing  colored  pictures  di- 
rectly on  the  unexposed  lantern  slide  plate.  The  plate  is  dipped 
into  the  fixing  bath  without  previ<nis  exposure  or  development 
and  then  allowed  to  dry.  On  the  film  side  of  the  glass,  water 
color  drawings  can  be  made  almost  as  casil}-  and  as  rapidly  as 
on  paper.  Such  drawings  project  with  great  clearness  and  bril- 
liancy, owing  to  the  fact  that  practically  no  light  is  absorbed. 
Furthermore,  the  expense  of  photogra])hing  and  printing  is 
avoided.  It  may  be  explained  that  drawings  can  not  be  made  on 
plain  glass,  and  that  something  in  ihe  nature  nf  a  gelatin  tilm 
over  the  glass  is  necessary.     Such  a  film  may  be  put  on  in  the 
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laboratory,  but  we  have  f(jiind  it  advisaljle  to  use  the  ready  pre- 
pared plates  as  indicated. 

The  first  method  has  been  used  where  we  had  on  hand  the 
illustrations  which  we  wanted  reproduced;  the  second  has  been 
used  for  illustrating  microscopic  preparations  of  which  drawings 
and  photographs  have  not  been  made,  or  for  copying  illustrations 
which  can  not  be  easily  photographed. 

Discussion  : 

Dr.  Wood  :  I  think  Dr.  Lambert  is  right  when  he  says  that  color  adds  a 
great  deal  to  teaching  medical  students  by  means  of  lantern  slides,  either  of 
sections  or  gross  material.  We  are  never  accustomed  to  black  and  white  for 
microscopic  sections,  and  our  diagnosis  depends  very  largely  on  our  famil- 
iarity with  stains.  The  method  of  coloring  slides  is  a  very  old  one,  as  Dr. 
Lambert  says.  To  attempt  projection  of  Lumiere  plates  is  a  waste  of  time, 
for  if  you  do  have  a  good  plate,  it  is  too  dark  for  use.  Only  one-tenth  of 
the  incident  light  passes  through  the  slide.  The  Paget  plates  pass  about  fifty 
per  cent.,  but  they  are  technically  difficult  to  make.  There  is  a  new  process 
brought  out  by  the  Eastman  Company  which  is  not  yet  perfected.  It  prom- 
ises well,  but  it  is  still  difficult  and  uncertain.  As  far  as  I  am  concerned,  I 
think  the  simplest  way  is  to  have  the  ordinary  lantern  slide  hand  colored. 

Dr.  Larkin  :  I  think  we  all  like  to  tell  of  our  experiences  in  color  pho- 
tography. I  thoroughlj'  agree  with  Dr.  W^ood  and  all  the  other  photographers 
who  spend  time  on  this  worthy  cause  that  our  processes  are  far  from  perfect. 
I  have  something  like  one  thousand  Lumiere  plates  covering  many  subjects, 
and  though  they  are  beautiful  to  look  at  through  the  bright  sunlight,  they 
are  very  disappointing  when  thrown  on  the  screen.  No  matter  how  powerful 
the  Hght  is,  poor  results  follow.  This  renders  the  Lumiere  plate  unsuitable 
for  teaching  purposes.  I  have  used  a  plate  made  by  Fitzsimons  of  75  Fifth 
Avenue.  Fitzsimons  maintains  that  only  his  developer  should  be  used,  and 
m.y  own  photographer,  using  Fitzsimons'  developer,  obtains  more  definition 
than  when  using  the  one  advised  by  the  Lumiere  people.  With  the  plate 
which  Fitzsimons  has  put  out,  we  get  very  high  color  differentiation.  One 
difficulty,  however,  is  that  when  you  put  it  into  the  lantern  there  is  more  or 
less  of  a  haze  over  the  picture. 

Dr.  Ewing  :  This  is  a  very  important  subject  because  it  deals  with  the 
methods  of  teaching  medicine.  At  the  next  meeting  of  the  American  Medical 
College  Association  the  main  topic  will  be  the  discussion  of  pedagogical 
methods  in  medicine,  and  I  feel  that  schools  all  over  the  country  ought  to 
investigate  these  methods,  and  standardize  them  as  much  as  possible.  It 
seems  to  me  in  this  particular  field  there  is  an  opportunity  for  great  improve- 
ment in  the  material  available  in  many  schools  in  this  country.  There  are 
sixty-two  medical  schools  in  the  Medical  College  Association,  and  I  am 
quite  certain  that  not  all  of  them  have  good  material  to  demonstrate  gross 
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and  microscopical  lesions.  Xow  "  it  were  possible  for  one  firm  to  make  one 
or  two  or  three  thousand  lanter  lides  of  gross  and  microscopical  prepara- 
tions it  would  be  a  very  impo*  .t  addition  to  the  material  for  teaching. 
Among  other  advantages,  it  mi  c  obviate  certain  idiosyncrasies  which  are 
apt  to  crop  out  from  time  t  >  i,  in  our  teaching.  Whether  there  is  a  com- 
mercial process  which  will  ijj;  h  color  plates  for  a  small  sum  of  money  is 
questionable,  but  I  think  they"  Id  be  cheaply  produced  b}'  a  technician  em- 
ployed by  the  College  Associ;  en.  Personally,  I  do  not  use  colored  lantern 
slides  in  teaching.  I  think  my  work  falls  down  perhaps  on  that  account. 
If  you  have  over  one  hundred  students  you  cannot  give  them  all  the  desirable 
personal  attention,  and  as  we  have  always  had  small  classes,  I  have  limited 
myself  to  gross  and  microscopical  material,  a  method  w'hich  I  think  is  dis- 
tinctly better  than  photographs.  When  photomicrography  first  came  out  I 
was  very  conservative  about  its  use,  but  the  more  you  cater  to  the  artistic 
color  sense  of  an  audience,  the  more  they  are  interested.  Yet  there  is  no 
doubt  that  medical  audiences  are  now  prett\^  keen  in  interpreting  ordinary 
photomicrographs,  and  I  think  they  rather  look  forward  to  seeing  them  at  a 
lecture,  but  for  the  teaching  of  medical  students  there  is  an  advantage  in 
colored  slides. 

Dr.  Lambert:  It  has  been  verj-  interesting  and  instructive  to  hear  of  the 
experiences  of  Dr.  Wood,  Dr.  Larkin,  and  Dr.  Ewing.  I  have  learned  quite 
a  lot  from  them,  especially  what  not  to  attempt  in  the  wa}-  of  color  photog- 
raphy. In  regard  to  what  Dr.  Ewing  said  about  the  relative  value  of  micro- 
scopic sections  and  lantern  slides  in  teaching,  I  should  like  to  explain  that  in 
our  teaching  w-e  use  both  lantern  slides  and  sections.  We  find  it  difficult  to 
demonstrate  to  each  student  all  the  things  that  he  should  see  under  the  micro- 
scope, so  that  before  or  after  they  have  studied  the  sections,  a  lantern  slide 
demonstration  is  given  by  means  of  which  the  more  important  features  can 
be  pointed  out  to  the  class  as  a  whole. 
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RELATIONSHIP     OF     THE     LEUKOCYTE     COUNT     AND 

BONE     MARROW     CHANGES     IN     ACUTE 

LOBAR     PNEUMONIA 

S.     S.    Samuels    and    Robert    A.    Lambert 

From   the   Pathological   Laboratory    of   the   Presbyterian   Hospital,    New    York 

It  is  well  recognized  that  the  leukocyte  count  in  lobar  pneumonia 
may  vary  within  wide  limits.  The  majority  of  the  cases  which  end 
fatally  show  either  a  very  high  or  a  relatively  low  count,  while  those 
with  favorable  outcome  most  often  have  counts  between  these 
extremes.^  These  'points  are  brought  out  rather  strikingly  in  the 
accompanying  chart,  showing  a  comparison  of  the  leukocyte  counts 
in  26  fatal  and  an  equal  number  of  recovered  cases  of  acute  lobar 
penumonia. 

The  cases  with  persistently  low  leukocyte  counts  may  be  considered 
first.  At  least  two  explanations  for  these  relatively  low  counts  have 
been  suggested:  (1)  The  bone  marrow  fails  to  react,  either  as  the 
result  of  some  previous  injury  (chronic  alcoholism,  for  example),  qj: 
on  account  of  a  paralysis  of  the  blood-forming  elements  from  over- 
stimulation induced  by  the  pneumococcus  infection  itself.  (2)  A  rapid 
spread  of  the  pneumococcus  process  results  in  the  withdrawal  of 
leukocytes  from  the  blood  faster  than  they  are  thrown  into  the  cir- 
culation from  the  bone  marrow,  so  that  the  number  of  circulating 
leukocytes  may  be  normal  or  only  slightly  increased,  in  spite  of  the 
fact  that  the  output  of  the  bone  marrow  factory  is  far  above  normal. 
Still  another  possibility  must  be  conceived,  namely,  that  leukocytes 
may  be  formed  in  some  other  organ  than  the  bone  marrow,  for 
example,  the  spleen.  F.  A.  Evans,"  working  in  this  laboratory, 
pointed  out  several  years  ago  that  the  gray,  acute  splenic  tumor  of 
lobar  pneumonia  contained  large  numbers  of  cells  of  the  myeloid 
series,  as  indicated  by  the  oxidase  reaction,  and  suggested  that  the 
spleen  might  be  the  source  of  certain  of  the  cells  of  the  pneumonic 
exudate. 

Received  for  publication  June  3,   1918. 
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The  first  explanation  for  the  leukocyte  count,  namely,  that  the 
bone  marrow  fails  to  react,  has  been  discussed  by  Muir,  Longcope, 
Dickson,  and  others.  In  most  of  these  papers  the  subject  of  acute 
lobar  pneumonia  has  been  considered  secondarily,  in  connection  with 
types  of  acute,  nonsuppurative  infections. 

Muir,^  in  discussing  the  reaction  of  the  bone  marrow  and  other  leukocyte- 
forming  tissues  in  infection,  found  that  the  marrow  pictures  in  his  cases  of 
acute  pneumonia  varied  considerablj-.  These  variations  he  attributed  to  such 
factors  as  the  age  of  the  patient,  the  hyperplasia  being  less  marked  in  late 
years;  to  the  duration  of  the  disease;  to  the  severity  of  the  toxemia,  and  to 
possible  unknown  causes  such  as  the  resisting  power  of  the  individual.  He 
ascribed  the  phenomenon  of  depletion  of  adult  polymorphonuclear  leukocytes 
from  the  marrow  to  an  emigration  of  these  cells  from  the  marrow  just  before 
death,  probably  in  the  agonal  stage. 
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Chart    1. — Comparison    of    the    leukocyte    counts    in    26    fatal    and    an    equal    number    of 
recovered   cases  of  acute    lobar   pneumonia. 


The  latter  point  was  investigated  experimentally  by  Longcope.''  He  worked 
with  inoculated  rabbits  and  studied  their  bone  marrow  during  the  course  of 
the  disease  and  postmortem.  He  explained  the  disappearance  of  the  poly- 
morphonuclear leukocytes  from  the  marrow  in  any  acute  infection  as  due  to 
a  direct  toxic  action  of  the  infection  on  the  marrow,  rather  than  to  a  simple 
emigration  of  the  cells. 

In  another  paper,  Longcope"  cites  2  cases  of  acute  pneumonia  in  which  the 
leukocyte  count  during  life  was  below  normal  and  the  necropsies   revealed  an 

»  Jour.   Path,   and    Bakteriol.,   1901,   7,   p.    161;   Tr.   Path.    Soc,   London.    1902.    53,  p.  379. 
*  Bull.   Ayer  Clin.  Lab.   of  Penn.   Hosp.,    1907,   4,   p.    6. 
'-   Birll.  Ayer  Clin.  Lab.  of  Penn.  Hosp.,  1905,  2,  p.  2- 
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only  a  few  cellular  patches.  His  explanation  of  these  observations  is  the 
possibility  that  the  functional  activity  of  the  marrow  cells  in  each  of  these 
patients  was  exhausted. 

Schurr  and  Lowy*  report  2  cases  of  acute  pneumonia  that  gave  constant 
hyperleukocytic  blood  counts  during  life  and  yet  showed  aplastic,  fatty  marrow 
necrops}'.  These  cases  were  used  as  part  evidence  for  disproving  the  impor- 
tance of  the  bone  marrow  as  a  leukocyte-former  in  acute  infections. 

Dickson/  in  citing  cases  of  pneumonia  with  leukopenic  and  aplastic  bone 
marrow,  ascribes  the  absence  of  leukoblastic  reaction  to  the  fact  that  before 
or  during  the  onset  of  the  pneumococcus  infection  the  individual  might  have 
been  weakened  by  alcoholic  excess,  syphilis,  or  other  similar  conditions.  As 
another  cause  of  imperfect  reaction  of  the  marrow,  he  describes  "gelatinous 
degeneration"  of  the  blood-forming  tissue.  This  is  a  change  in  the  bone  mar- 
row brought  about  by  a  progressive  diminution  of  its  blood-forming  con- 
stituents along  with  an  absorption  of  the  fats  of  the  marrow.  This  condition 
may  be  either  acute  or  chronic.  \ 

The  object  of  the  present  study  was  to  determine,  if  possible,  the 
explanation  of  the  striking  variation  in  the  number  of  circulating 
leukocytes  among  cases  of  lobar  pneumonia.  We  were  interested 
particularly  in  finding  out  whether  there  existed  a  close  parallelism 
between  the  leukocyte  count  and  the  degree  of  hyperplasia  of  the 
marrow,  as  has  been  very  generally  assumed.  Our  observations  have 
been  made  on  17  cases  of  acute  lobar  pneumonia  which  came  to 
necropsy.  Only  adults  were  included  in  the  series,  since  in  the 
earlier  periods  of  life  the  bone  marrow  in  the  long  bones  is  normally 
so  active  that  degrees  of  hyperplasia  cannot  be  easily  recognized. 

In  every  case  bone  marrow  was  obtained  from  the  upper  third  of  the  femur. 
The  method  of  procuring  the  specimen  has  been  described  elsewhere.*  The 
tissue  was  fixed  in  Zenker's  fluid,  embedded  in  paraffin,  and  stained  with 
hematoxylin  and  eosin.  The  presence  or  absence  of  hyperplasia  was  deter- 
mined by  a  careful  study  of  the  microscopic  sections.  Aplastic  marrows  were 
classified  as  negative.  The  hyperplastic  marrows  were  arbitrarily  divided  into 
5  groups,  designated  in  the  table  by  the  following  signs :  ±,  -f ,  -f  -f,  -f  -f  -|-, 
and  -f  -|-  -f  -f.  The  criterion  for  -|-  -f  +  +  hyperplasia  was  an  extremely 
cellular  marrow,  replacing  practically  all  of  the  adipose  tissue  with  evidence 
of  active  cell  multiplication. 

A  detailed  study  of  the  types  of  cells  present  in  the  marrow  was  not  made, 
although  in  the  routine  examination  of  the  sections  it  was  noted,  that  in  the 
majority  of  the  cases  showing  hyperplasia,  the  predominating  cell  appeared 
to  be  an  undifferentiated  marrow  cell  with  large  round,  vesicular  nucleus  and 
almost  entirely  fatty  marrow.  In  2  other  similar  cases  there  was  red  mottling 
of  the  marrow.     In  1  case  with  a  high  leukocyte  count,  the  marrow  presented 

«  Ztschr.  f.  Clin.  Med.,   1900,   40,   p.   412. 

'  The  Bone  Marrow,   1908. 

8  Lambert,  R.  A.:  Proc.  New  York  Path.  Soc,  1918. 
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nongranular  or  finely  granular  cytoplasm.  Polymorphonuclear  leukocytes  were 
present  in  the  marrow  of  practically  every  case,  and  in  several  cases  they 
were  quite  numerous.  In  this  particular,  our  observations  disagree  with  those 
of  Aluir  and  Longcope,  to  which  reference  was  made  in  the  previous  paragraph. 

The  accompanying  table  shows  the  sex  and  age  of  the  patients, 
the  duration  of  the  disease,  the  total  and  differential  leukocyte  count 
during  life,  and  the  state  of  the  marrow  at  necropsy.     An  analysis  of 
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Fig.  1. — Markedly  hyperplastic  bone  marrow  from  Case  17,  in  which  the  leukocyte  count 
during  life  varied  between  18,000  and  9,000,  with  a  terminal  count  of  10,000  and  90% 
polymorphonuclears. 

the  data  in  individual  cases  gives  varying  results.  In  a  few  of  the 
cases  (Nos.  1,  4,  10  and  14)  a  close  parallelism  between  the  leuko- 
cyte count  and  the  bone  marrow  changes  is  found.  For  example,  in 
Case  4,  in  which  the  leukocyte  count  was  persistently  low,  an  aplastic 
marrow  was  found  :  and  in  Case  14,  tlicre  was  an  association  of  iiigh 
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leukocyte  count  and  a  markedly  hyperplastic  marrow.  On  the  other 
hand,  in  a  majority  of  the  cases,  no  such  agreement  is  seen.  Indeed, 
several  cases  present  a  striking  lack  of  harmony  between  the  bone 
marrow  and  blood  changes.  For  example,  Case  17  (Fig.  1),  in  which 
there  was  a  relatively  low  leukocyte  count,  a  +  +  +  +  hyperplasia 
of  the  marrow  was  present.  This,  too,  in  a  man  of  42  years,  while 
in  Case  16,  showing  a  moderately  high  leukocyte  count,  the  bone 
marrow  was  found  to  be  aplastic. 


Fig.    2. — Aplastic   bone    marrow    from    Case    6,    in    which    the    leukocyte    count    during    life 
varied   between   17,000   and   21,000   with   90%    polymorphonuclears. 

An  examination  of  the  table  shows  that  of  the  17  cases,  11  exhibited 
varying  degrees  of  hyperplasia  of  the  marrow,  and  in  6  the  marrow 
was  aplastic.  Of  the  aplastic  cases,  only  one  (Case  4)  showed  a  per- 
sistently lov/  leukocyte  count.  In  another  (Case  5),  the  count  ranged 
from  28,000  to  41,000  during  the  earlier  periods  of  the  disease  with  a 
final  count  of  only  4,000.  In  the  other  four  cases,  the  counts  averaged 
20,000  with  90%  polymorphonuclear  leukocytes. 
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Leukocyte   Count   and   Bone   Marrow   Changes   in    Lobar   Pneumonia 
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SUMMARY 

A  close  parallelism  in  the  leukocyte  count  and  the  degree  of 
hyperplasia  of  the  marrow  was  found  in  less  than  half  of  17  fatal 
cases  of  lobar  pneumonia,  which  were  studied.  A  few  showed  rela- 
tively inactive  or  aplastic  marrows,  with  a  leukocyte  count  well  above 
normal.  On  the  other  hand,  there  w^ere  several  cases  in  which  the 
leukocyte  count  was  persistently  low  during  life,  but  in  which  a 
markedly  hyperplastic  marrow  was  found  at  necropsy. 

To  explain  an  aplastic  femur  marrow  (a  condition  almost  certainly 
common  to  all  the  long  bones  in  these  cases)  associated  with  a  leuko- 
cytosis during  life,  we  may  assume  either  a  hyperplasia  of  the  marrow 
of  the  flat  bones  only — a  very  improbable  condition — or  a  formation 
of  leukocytes  outside  the  marrow,  most  probably  in  the  spleen.  The 
presence  of  large  numbers  of  cells  of  the  myeloid  series  in  the  splenic 
pulp  would  favor  the  latter  explanation. 

The  cases  of  marked  hyperplasia  of  the  marrow  with  low  leuko- 
cyte count  are  not  easily  interpreted.  We  could  not  find  evidence  in 
these  cases  of  such  rapid  spread  of  the  lesion  as  would  account  for  a 
low  leukocyte  count  through  the  draining  of  these  cells  out  of  the 
circulation. 


(Reprint  '  viedicai,    Kk^'oi;!),  Sept.    14,   1918.) 
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HOSPITAL. 

In  the  twelve  years  which  have  elapsed  since  the 
method  of  complement  fixation  was  applied  by  Was- 
sermann  to  the  diagnosis  of  syphilis,  an  enormous 
amount  of  clinical  and  serological  data  has  been 
collected  and  published  bearing  upon  the  question 
of  the  specificity  of  the  test.  It  was  early  recog- 
nized that  the  reaction  was  not,  strictly  speaking,  a 
specific  one,  in  that  in  carrying  out  the  test  it  was 
not  necessary  to  use  as  antigen  either  the  syphilitic 
virus  or  any  essential  derivative  of  it.  Neverthe- 
less, reports  from  numerous  observers  soon  brought 
general  acceptance  of  the  view  that  a  positive  re- 
action was  obtained  in  a  high  percentage  of  cases 
of  clinical  syphilis,  and  that  among  non  luetic  cases 
a  negative  reaction  was  the  rule. 

While  more  recent  reports  have  in  general  served 
to  confirm  or  even  broaden  the  earlier  claims  as 
to  the  value  of  the  test,  increasing  emphasis  has 
been  placed  by  serologists  on  the  delicacy  of  the  re- 

*A  correlation  of  the  seriological  and  post-mortem 
findings  at  the  Presbyterian  Hospital,  New  York. 
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action  and  the  possibility  of  variations  in  results 
from  relatively  slight  modifications  in  technique. 
It  has  been  recognized,  too,  that  certain  conditions, 
such  as  acute  infections  associated  with  high  fever, 
may  give  rise  to  positive  reactions  in  non-luetic 
cases. 

Very  conservative,  or  even  sceptical,  views  re- 
garding the  practical  value  of  the  test  have  not  been 
lacking.  Here  and  thei-e  reports  have  appeared  in 
which  it  has  been  maintained  that  not  only  is  the 
reaction  negative  in  a  large  percentage  of  cases  of 
syphilis,  but  also  that  positive  reactions  are  so  often 
reported  in  cases  in  which  there  is  no  clinical  evi- 
dence of  syphilis,  that  the  test  may  be  very  mis- 
leading, if  considered  alone.  An  article  embodying 
essentially  this  view,  by  Symmers  and  his  co-work- 
ers at  Bellevue  Hospital,  appeared  recently  in  the 
Jaur.  Amer.  Med.  Ansn.,  1918,  LXX,  279.  Since 
we  shall  have  occasion  later  to  refer  to  the  results 
obtained  by  these  authors,  it  may  be  well  to  quote 
their  conclusions: 

"1.  Depending  on  the  antigen  employed,  the  Was- 
sermann  reaction  in  the  living  patient,  as  carried 
out  at  Bellevue  Hospital,  gives  a  negative  result  in 
from  31  to  56  per  cent,  of  cases  in  which  the  char- 
acteristic anatomic  signs  are  demonstrable  at  ne- 
cro|)sy. 

"2.  The  Wassermann  reaction  in  the  living  pa- 
tient is  positive  in  at  least  30  per  cent,  of  cases  in 
which  it  is  not  possible  to  demonstrate  any  of  the 
anatomic  lesions  of  syphilis  at  necropsy." 

The  Wassermann  test  is  being  widely  used,  and, 
as  Symmers  and  his  assistants  point  out,  much  re- 
liance is  being  placed  on  it  by  Boards  of  Health, 
hospitals,  practitioners,  and  the  public.  The  ques- 
tion of  the  reliability  of  the  test  is  therefore  one 


of  very  great  importance.  If  the  results  obtained 
at  Bellevue  Hospital,  which  show  so  large  an  error 
in  both  directions — that  is,  in  the  high  percentage 
of  negative  reaction  in  syphilis  and  in  the  demon- 
stration of  many  positive  reactions  in  non-syphilitic 
cases — have  a  general  application,  then  the  wide 
use  of  the  Wassermann  test  is  not  only  of  doubt- 
ful benefit,  but  even  a  source  of  much  harm,  unless 
this  wide  margin  of  error  be  clearly  recognized. 

The  importance  of  this  question  led  us  to  make 
a  comparative  study  of  the  serological  and  autopsy 
findings  at  the  Presbyterian  Hospital,  similar  to 
that  made  by  Symmers  and  his  coworkers  at  Belle- 
vue Hospital. 

The  Wassermann  test  has  been  used  in  the  Pres- 
byterian Hospital  some  six  or  seven  years,  but  it 
is  only  in  the  past  three  years  that  a  uniform  tech- 
nique has  been  consistently  followed,  and  of  which 
the  details  can  be  presented.  During  the  preceding 
years  the  serological  work  was  done  by  several 
laboratory  workers;  and  since  we  have  no  record 
of  the  details  of  the  technique  followed,  except  as 
to  the  antigen  employed,  we  have  thought  it  advis- 
able to  present  and  discuss  only  the  data  compiled 
in  this  last  three-year  period. 

The  autopsies  during  this  period  were  performed 
by  or  under  the  immediate  direction  of  Professor 
W.  G.  MacCallum,  Dr.  A.  M.  Pappenheimer,  and  Dr. 
R.  A.  Lambert  of  the  College  of  Physicians  and 
Surgeons.  Complete  autopsy  protocols  were  re- 
corded in  every  case,  including  gross  and  miscros- 
copic  description  of  all  organs — with  the  exception 
of  the  central  nervous  system  in  a  certain  percent- 
age of  the  cases.  In  every  instance,  microscopic 
sections  were  preserved,  and  have  been  studied 
again  in  the  preparation  of  this  report.    It  has  been 


possible,  also,  to  reexamine  many  of  the  gross 
specimens,  which  had  been  preserved  in  the  mu- 
seum for  teaching  purposes.  In  this  review  of  the 
pathological  material,  however,  a  change  in  diag- 
nosis was  made  in  only  three  instances.  Two  cases 
showing  microscopically  definite  syphilitic  aortitis 
had  been  overlooked  and  the  syphilitic  nature  of  a 
scarred  liver  had,  in  one  instance,  not  been  recog- 
nized. It  should  be  clearly  stated  that  only  those 
cases  which  showed  definite  syphilitic  lesions  were 
placed  in  the  group  of  positive  anatomical  syphilis. 
Those  showing  suspicious,  but  not  clear  cut  luetic 
lesions — a  relatively  small  number  of  cases — were 
placed  in  the  doubtful  group. 

Since  differences  in  results  obtained  with  the 
Wassermann  tests  are  undoubtedly  due  in  large 
part  to  differences  in  technique,  we  shall  give  in 
some  detail  the  method  in  use  at  the  Presbyterian 
Hospital. 

Two  antigens  are  used  in  all  tests :  a  crude  alco- 
holic extract  of  guinea  pig  heart  and  a  cholester- 
inized  extract  of  guinea  pig  heart.  The  ice-box 
fixation  method  for  four  hours  is  employed  with 
the  alcoholic  antigen ;  water  bath  fixation  at  37 
deg.  C.  for  V^  hour  with  the  cholesterinized  antigen. 
Serum  is  inactivated  ^  ^  hour  at  55  deg.  C.  The 
sheep  system  is  used.  Complement  for  each  guinea 
pig  is  titrated  separately,  against  IV2  units  of  am- 
boceptor, and  is  so  diluted  that  a  dose  of  l^o  units 
is  used  in  the  alcoholic  tests,  a  dose  of  two  units 
in  the  cholesterin  tests.  Each  specimen  of  comple- 
ment is  also  tested  with  varying  amounts  of  the 
cholesterin  antigen,  the  amount  to  be  used  in  the 
tests,  twice,  three  times,  and  four  times  that 
amount.  Any  specimen  that  fails  to  hemolize  com- 
pletely in   the  presence  of  the  cholesterin  antigen 


is  not  used  in  the  cholesterin  tests,  but  it  may  be 
used  with  the  alcoholic  antigen,  if  its  hemolizing 
power  is  good,  according  to  the  complement  titra- 
tion. An  amboceptor  titration  is  made  with  each 
mixture  of  complement ;  that  for  the  alcoholic  tests 
and  that  for  the  cholesterin,  and  for  sensitizing  the 
cells,  the  amboceptor  is  so  diluted  that  one  dose 
contains  2'..  units.  Tests  are  read  as  soon  as 
hemolysis  is'  complete  in  the  antigen  and  serum 
controls,  in  which  there  is  double  the  amount  of 
antigen  and  serum  used  in  the  tests.  By  a  +  +  -|--+- 
reaction  is  meant  complete  inhibition  of  hemolysis 
in  0.2  c.c.  of  serum.  Degrees  of  incomplete  inhibi- 
tion are  indicated  roughly  by  +  +  +.  +  +  and  -(-. 
Only  a  +  -h  +  +  reaction  is  considered  positive. 

1\bi,k  I. 


Autopsy 
Findings. 

No.     ' 
Cases. 

Wasser- 
mann 

Wasser- 
mann 

V, 

assermann. 

Pos^itive 

■>:< 

+++  + 
Both  anti- 
gens 

18 

0 

Both  anti- 

jLens 

+.    +-r.   or 

+++  with 

either 

antigen 

2  ftrtd.) 

=  85.7   per   cent   posi- 
tive    (e.xcludinft     2 
treated  <ases  giving 
doubtful  reai'tioiis'i. 

Negative 

IS8 

0 

!       175     ■ 

i:{ 

Doubtful 

3 
214 

2 

0 

1 

Total 

20 

178 

i 

Itt 

The  results  of  the  comparison  of  the  serological 
and  autopsy  findings  can  be  best  presented  in  the 
form  of  tables.  On  the  basis  of  the  post-mortem 
findings,  the  cases  are  divided  into  three  groups: 
(1)  syphilitic  or  "positive"  cases,  (2)  non-syphilitic 
or  "negative"  cases,  and  (3)  doubtful  cases.    Table 


I  shows  at  a  glance  the  results  of  the  Wassermann 
test  in  these  three  groups. 

It  is  seen  that  of  23  cases  showing  definite  syphi- 
litic lesions,  18  gave  +  +  -}-+  Wassermanns  (both 
antigens),  2  (treated  cases)  gave  doubtful  reac- 
tions with  one  or  both  antigens,  and  3  gave  nega- 
tive reactions.  That  is,  in  18  out  of  21,  or  85.7 
per  cent,  of  cases  of  proven,  untreated  syphilis,  a 
+  +  +  +  Wassermann  was  obtained  during  life. 
It  will  be  recognized  that  this  percentage  of  posi- 
tive Wassermanns  is  relatively  high,  when  consid- 
eration is  taken  of  the  fact  that  most  of  the  cases 
were  examples  of  late  syphilis,  as  indicated  in 
Table  IV.  There  were  three  cases  in  which  the 
autopsy  findings  were  not  conclusive,  and  which  are 
classed  as  doubtful  syphilis.  One  was  an  example 
of  a  coarsely  nodular  cirrhosis  of  the  liver  asso- 
ciated with  a  chronic  interstitial  orchitis  and 
chronic  meningitis  of  possible  leutic  nature.  The 
second  was  a  case  of  nodular  cirrhosis  of  the  liver 
with  an  inflammatory  reaction  which  suggested 
lues.  In  the  third  case,  death  was  due  to  lobar 
pneumonia,  but  chronic  interstitial  orchitis  was 
found,  which  suggested  a  possible  old,  leutic  infec- 
tion. The  last  two  cases  gave  a  +  +  +  +  Wasser- 
mann reaction,  the  first  a  doubtful  reaction. 

The  most  striking  fact,  in  our  opinion,  brought 
out  in  the  table,  is,  that  of  188  cases  showing  no 
evidence  whatever  of  syphilis  at  autopsy,  not  one 
had  (liven  a  -|-H — I — h   Wansermann  during  life. 

In  Table  II  the  data  are  so  arranged  as  to  bring 
out  the  significance  of  the  Wassermann  in  the  light 
of  post  mortem  findings.  In  other  words,  the  fig- 
ures constitute  the  pathologist's  answer  to  the  ques- 
tion as  to  what  a  positive,  negative  or  doubtful 
Wassermann  reaction  means.    The  table  shows  that 


20  cases  gave  a  -j — | — | — |-  Wassermann  with  both 
antigens,  and  that,  in  18  of  these,  definite  evidence 
of  syphilis  was  found  at  autopsy.  One  of  the  two 
remaining  cases  showed  suspicious  lesions  in  the 
liver,  very  probablj^  syphilitic,  and  the  other  a 
chronic  orchitis,  possibly  syphilitic,  but  since  this 
second  case  was  one  of  pneumonia  and  was  bled 
while  running  a  high  temperature,  the  H — | — | — \- 
Wassermann  may  be  regarded  as  non-specific.  It 
is  seen,  therefore,  that  18  out  of  20,  or  90  per  cent, 
of  positive  Wassermann  reactions  were  conclusively 
confirmed  by  autopsy  findings,  and  that  in  the  two 
remaining  cases  suspiciously  syphilitic  lesions  were 
present — a  possible  margin  of  error  of  10  per  cent. 
Of  178  patients  giving  negative  Wassermann  re- 
actions with  both  antigens,  only  3  showed  definite 
syphilitic  lesions  at  autopsy.  Hence,  the  negative 
Wassermanns  were  confirmed  at  autopsy  in  approxi- 
mately 98  per  cent,  of  the  cases,  a  margin  of  error 
less  than  2  per  cent. 


Table  II. 


Wassemjann. 

No. 
Cases. 

Autopsy  Findings 

Po.^. 

Neg.         Doubtful. 

-\ — h  +  4-  (both  antigeiLs) 

0  (both  antigens) 

+,++.+  +  +  (with  either  antigen) 

20 
178 
16 

18 
.3 
2* 

0 

175 

13 

2 
0 

1 

Total 

214 

23 

188 

3 

•Treated  cases. 

Sixteen  patients  had  given  a  doubtful  (+,  -\ — h. 
or  H — \ — |-)  reaction  with  one  or  both  antigens.  Two 
were  cases  of  definite  syphilitic  aortitis  which  were 


being  treated.  One  case  showed  suspicious  lesions 
in  the  meninges,  liver,  and  testes  at  autopsy.  In 
the  13  remaining  cases,  no  anatomical  evidence  of 
syphilis  vi-as  found.  Excluding  the  two  doubtful 
reactions  in  the  cases  under  treatment,  13  out  of 
14,  or  93  per  cent.,  approximately,  of  the  doubtful 
Wassermann  reactions  were  non-specific  as  judged 
by  autopsy  findings.  It  is  a  fact  worthy  of  note, 
that  11  out  of  16,  or  69  per  cent.,  of  these  doubtful 
reactions  were  given  by  the  cholesterin  antigen 
only.  Four  specimens  gave  a  doubtful  reaction  with 
both  antigens, — one  a  treated  case  of  syphilis,  and 
one  a  case  of  possible  syphilis.  In  only  one  instance 
(a  case  of  sarcoma  of  the  ovary)  was  there  a  doubt- 
ful reaction  with  the  alcoholic  antigen  alone.  It  is 
thus  evident,  that  while  the  cholesterin  antigen  may 
have  the  advantage  of  giving  more  reactions  in 
cases  of  syphilis,  and  of  more  nearly  excluding 
syphilis,  it  has  the  disadvantage  of  giving  a  con- 
siderably larger  number  of  apparently  non-specific 
reactions,  as  judged  by  autopsy  findings. 

Discussion. — The  data  presented  above  show  a 
very  close  parallel  between  the  serological  and 
autopsy  findings  at  the  Presbyterian  Hospital  dur- 
ing the  past  three  years.  Though  the  number  of 
cases  is  somewhat  smaller,  the  character  of  the 
material  is  very  much  the  same  as  that  which  forms 
the  basis  of  the  report  from  Bellevue  Hospital  by 
Symmers  and  others  quoted  above,  in  which  very 
different  conclusions  wei-e  reached.  At  Bellevue 
Hospital,  a  positive  Wassermann  was  obtained  in 
only  44  to  69  per  cent,  of  the  cases  of  syphilis  dem- 
onstrated at  autopsy,  as  compared  with  85.7  per 
cent,  at  the  Presbyterian  Hospital.  Furthermore, 
the  authors  report  positive  reactions  in  30  per  cent, 
or   more   of  the   non-syphilitic   cases,   whereas   we 


failed  to  find  among  such  cases  a  single  -| — | — | — f- 
Wassermann,  and  only  7  per  cent  of  doubtful  (-{-, 
++,  +++)  reactions. 


Table  III.— Doubtful  Reactions. 


No.  Cases. 

Antigen. 

Alcoholio.                  '            Cholesterinizod. 

11 

1 
4 

0                       '                     ? 
?                                           0 
?                                           ? 

Total..     16 

?  =  +,++.  or +  +  +          1 

Table  IV.— Ca 

SES  Show 

iNG  Positive  Autopsy  Findings. 

No. 
Cases. 

Wassermann. 

++++ 

0      ?(+,+  +  ,  +++,  Either 
-Antigen). 

Syphilis  of  aorta  and  heart..  . 

Tabes 

Congenital  syphilis 

15 
1 
2 

11 

2 
5 

2 

1 

2  (treated  cases). 

Total 

23 

IS 

3 

2 

The  question  naturally  arises  as  to  the  reason 
for  the  difference  in  results  at  the  two  institutions. 

The  nature  of  the  data,  both  pathological  and 
serological,  which  forms  the  basis  of  reports  of  this 
kind,  is  such  that  a  fair  critical  review  is  not  possi- 
ble except  upon  a  close  examination  of  the  material 
itself,  with  careful  regard  to  the  details  of  the 
methods  used. 

We  shall  therefore  make  no  attempt  to  analyze 
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the  factors  responsible  for  the  differences  between 
our  results  and  those  quoted,  except  for  brief  refer- 
ence to  one  point: 

At  Bellevue  Hospital  the  cholesterin-fortified  an- 
tigen was  used  alone  in  a  majority  of  the  cases.  In 
49  listed  cases,  in  which  both  alcoholic  and  choles- 
terin  antigens  were  used,  the  results  with  the  two 
antigens  differed  in  approximately  60  per  cent.  In 
our  series  of  cases  at  the  Presbyterian  Hospital  the 
two  antigens  were  used  in  every  test  with  only  6 
per  cent,  of  discordant  results. 

Conclusions. — A  comparison  of  the  serological 
and  autopsy  findings  at  the  Pi-esbyterian  Hospital 
during  the  past  three  years  brings  out  the  follow- 
ing facts: 

( 1 )  Among  cases  showing  anatomical  evidence 
of  syphilis  at  autopsy  85.7  per  cent,  had  given  dur- 
ing life  a  H — | — | — i-  Wassermann  with  both  alcoholic 
and  cholesterinized  antigens. 

(2)  Among  188  cases  showing  at  autopsy  no 
anatomical  evidence  of  syphilis,  93  per  cent,  had 
given  during  life  a  negative  Wassermann  with  both 
antigens  and  7  per  cent,  doubtful  reactions  (+» 
-| — \-  or  -| — I — h  with  either  antigen). 

These  findings,  in  our  opinion,  warrant  the  con- 
clusion that  the  Wassermann  test,  properly  carried 
out,  can  be  relied  upon  as  an  important  aid  in  the 
diagnosis  of  syphilis. 
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THE  VALUE  OF  THE  WASSERMANN  REACTION:  A 
CORRELATION    OE    THE    SEROLOGICAL    AND 
POST-^IORTEM  FINDINGS  AT  THE  PRES- 
BYTERIAN HOSPITAL,  NEW  YORK 

ROBERT    A.    LAMBERT,    M.D.,    MIRIAM    P.    OLMSTEAD,    AND    HAROLD 

C.  STUART,   M.D. 

The  Wassermann  reaction  as  a  test  for  syphilis  has  been  in 
general  use  for  more  than  ten  years,  but  there  is  still  considerable 
difference  of  opinion,  especially  among  clinicians,  as  to  its  diag- 
nostic value.  It  is  generally  agreed  that  a  majority  of  syphilitics, 
especially  in  the  early  cases,  give  a  positive  test.  But  there  is  a 
lack  of  agreement  as  regards,  first,  the  percentage  of  cases  of 
syphilis  giving  a  negative  reaction,  and,  secondly,  the  frequency 
of  positive  reactions  in  non-luetic  cases.  It  is  o])vi()Us  that  the 
diagnostic  value  of  the  test  may  be  accurately  measured  by  the 
answers  to  the  c|uestions  implied  in  the  two  points  just  stated. 

It  is  hardly  necessary  to  mention  the  fact  that  numerous  re- 
ports bearing  upon  the  value  of  the  test  have  been  published  in 
recent  years.  In  most  of  the  reports,  however,  the  serological 
findings  have  been  controlled  only  by  the  clinical  history  and 
physical  examination  of  the  cases,  in  which  there  is  a  w^ell  recog- 
nized wide  margin  of  error.  There  can  be  but  little  cjuestion  that 
the  only  reasonably  accurate  method  of  checking  up  the  Wasser- 
mann test  lies  in  a  complete  gross  and  microscopic  examination 
of  the  body  after  death. 

This  method  of  estimating  the  value  of  the  Wassermann  re- 
action has  been  applied  at  Bellevue  Hospital  by  Symmers  and 
his  co-workers,  who  have  recently  published  a  report,  the  con- 
clusions of  which  are  as  follows : 

"  I.  Depending  on  the  antigen  employed,  the  Wassermann 
reaction  in  the  living  patient,  as  carried  out  at  Bellevue  Hospital, 
gives  a  negative  result  in  from  31  to  56  per  cent,  of  cases  in 
which  the  characteristic  anatomic  signs  of  syphilis  are  demon- 
strable at  necropsy. 
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"  2.  The  \\'assermann  reaction  in  the  hving  patient  is  posi- 
tive in  at  least  30  per  cent,  of  cases  in  which  it  is  not  possible  to 
demonstrate  any  of  the  anatomic  lesions  of  syphilis  at  necropsy." 

Since  these  resnhs.  if  snl)stantiated.  would  make  questionable 
the  wisdom  of  the  present  general  use  of  the  W'assermann  test, 
it  seemed  to  us  important  that  more  data  bearing  on  the  question 
should  be  collected.  In  pursuance  of  this  object  we  have  at- 
tempted a  correlation  of  the  serological  and  autopsy  findings  in 
cases  coming  to  autopsy  at  the  Presbyterian  Hospital  during  the 
past  three  years.  During  this  period  a  uniform  method  of  carry- 
ing out  the  \\'assermann  test  has  been  followed,  and  complete 
records  of  all  autopsies  ha\"e  been  kept,  including  gross  and 
microscopic  descriptions  of  e\"erv  organ. 

As  the  A\'assermann  technicpie  has  been  sulijected  to  various 
modifications,  it  may  be  well  to  give  in  some  detail  the  essentials 
of  the  method  in  use  at  the  Presl)yterian  Hospital. 

TECIIXIOUE 

Two  antigens  are  used  in  all  tests :  a  crude  alcoholic  extract 
of  guinea-pig  heart,  and  a  clmlesterinized  extract  of  guinea-pig 
heart.  The  ice-box  fixation  method  for  four  hours  is  employed 
Avith  the  alcoholic  antigen:  water  bath  fixation  at  37°  for  one 
half  hour  with  tlie  cholesterinizcd  antigen.  Serum  is  inactivated 
one  half  liour  at  55"  C.  The  sheep  system  is  used.  Comple- 
ment from  each  guinea-pig  is  titrated  separately,  against  one  and 
one  half  units  of  amboceptor,  and  is  so  diluted  that  a  dose  of  one 
and  one  half  units  is  used  in  the  alcoholic  tests,  and  a  dose  of 
two  units  in  the  cholesterin  tests.  Each  specimen  of  complement 
is  also  tested  with  varying  amounts  of  the  cholesterin  antigen, 
the  amount  to  be  used  in  the  tests,  twice,  three  times,  and  four 
times  that  amount.  Any  specimen  that  fails  to  hemolvze  com- 
pletely in  the  presence  of  the  cholesterin  antigen  is  not  used  in 
the  cholesterin  tests,  but  it  may  be  used  with  the  alcoholic  antigen. 
if  its  hemolyzing  power  is  good,  according  to  the  coni])lenient 
titration.  .\n  amboceptor  titration  is  made  with  each  mixture  of 
com])lement.  that  for  the  alcoholic  tests  and  that   for  the  choles- 
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terin ;  and  for  sensitizing  the  cells,  the  amboceptor  is  so  diluted 
that  one  dose  contains  two  and  one  half  units.  Tests  are  read  as 
soon  as  hemolysis  is  complete  in  the  antigen  and  serum  controls. 
in  which  there  is  double  the  amount  of  antigen  and  serum  used 
in  the  tests.  By  a  +  +  H — h  reaction  is  meant  complete  inhi- 
bition of  hemolysis  in  0.2  c.c.  of  serum.  Degrees  of  incom- 
plete inhibition  are  indicated  roughly  by  -j — | — \-,  -j — \-,  and 
+.     Only  a  -| — \ — | — h  is  considered  positive. 

The  results  of  the  serological  and  autopsy  findings  in  the  214 
cases  analyzed  can  be  best  presented  in  the  form  of  tables.  On 
the  basis  of  the  post-mortem  findings  the  cases  are  divided  into 
three  groups:  (i)  Syphilitic,  or  "positive"  cases;  (2)  non- 
syphilitic,  or  "negative"  cases,  and  (3)  "doubtful"  cases. 


TABLE  I 

No.  Cases 

Wassermann 

Autopsy  Findings 

(Both  Anti- 
gens) 

0  (Both 
Antigens) 

( 

,  +  +  ,  +  +  + 
With  Either 
Antigen) 

Positive   

23 
188 

3 

18 
0 
2 

3 

175 
0 

13 

I 

=  8t.7  "c  Positive 

(Excluding  2  Treated 
Cases  Giving 

Doubtful    

Total 

214 

20 

178 

' 

16 

TABLE  II 
Cases  Shozving  Positive  Autopsy  Findings 


No.  Cases 


Wassermann 


+  +  +  + 


?  +.  ++,  or  +  +  + 
(With  Either  Antigen) 


Syphilis  of  aorta  and  heart .  . 

Tabes 

Congenital  syphilis 

Miscellaneous 

15 
I 
2 

5 

II 

2 

5 

I 

2  (treated  cases) 

Total 

23 

18 

^ 

2 

Table  I  is  designed  to  show  at  a  glance  the  results  of  the 
Wassermann  test  in  these  three  groups.  It  is  seen  that  18  out  of 
21  cases  of  proved  untreated  syphilis  had  given  during  life  a 
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H — ! — j — h  ^^^asserma^^  with  both  antigens.  A  majority  of 
these  cases  were  examples  of  late  syphilis,  as  indicated  in  Table 
IV.  The  most  significant  fact  brought  out  in  this  analysis  is 
that  of  1 88  cases  showing  no  evidence  whatever  of  syphilis  at 
autopsy,  not  one  had  given  a  - — | — | — 1-  reaction.  Three  cases 
were  doubtful  anatomically.  In  two  of  these,  with  very  sus- 
picious lesions  in  liver  and  testis,  there  was  a  ^ — | — | — |-  \\'as- 
sermann.  In  the  third,  a  chronic  orchitis,  the  reaction  was 
negative. 

TABLE  III 

I  Autopsy  Findings 

Wassermann  |      No.  Cases  j  ' 

!      Positive     I      Neealive      I     Doubtful 

+  +  ++  (Both  antigens) 20  i8  02 

o  (Both  antigens) 178  3  175  o 

+.   ++■   +  +  +  (With  either  antigen)  16  2  13  i 

Total    214 23         I         188  3 

In  Talile  III  the  data  are  so  arranged  as  to  bring  out  the  sig- 
nificance of  the  \\'assermann  reaction  in  the  light  of  post-mortem 
findings.  In  other  words,  the  figures  constitute  the  pathologists' 
answer  to  the  question  as  to  what  a  positive,  negative,  or  doubt- 
ful W^assermann  reaction  means.  The  table  shows  that  20  cases 
gave  a  -| — | — \ — \-  Wassermann  test  with  bnth  antigens  and 
that  in  18  of  these  characteristic  syphilitic  lesions  were  found  at 
autopsy.  One  of  the  two  remaining  cases  showed  suspicious 
lesions  in  the  liver,  very  pr()l)ably  luetic  in  origin,  while  in  the 
other  there  was  a  chronic  orchitis,  possibly  syphilitic.  It  is  thus 
seen  that  18  out  of  20.  or  90  per  cent,  of  the  positive  reactions, 
were  conclusively  confirmed  l)y  autopsy  findings  and  that  in  the 
two  remaining  cases  there  were  lesions  strongly  suggestive  of 
syphilis,  a  possible  margin  nf  in  per  cent.  Of  178  patients  giv- 
ing negative  reactions  with  l)itih  antigens,  only  three  showed 
definite  syphilitic  lesions  at  autopsy.  That  is.  the  negative  \\'as- 
sermanns  were  confirmed  in  appr(^ximately  ()S  per  cent,  of  the 
cases — a  margin  of  error  of  only  2  per  cent. 

There  were  16  cases  giving  reactions  classified  asdoul)tful  (  -j-, 
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-| — |-.  -| — I — [-)  with  one  or  both  antigens.  Two  of  these  were 
cases  of  treated  syphiHs;  one  showed  lesions  in  meninges,  testis, 
and  liver,  possibly  syphilitic  in  origin.  In  the  13  remaining 
cases  no  anatomical  exidence  of  syphilis  was  found.  Excluding 
the  two  doubtful  reactions  in  treated  cases,  13  out  of  14,  or  92.8 
per  cent.,  of  the  doubtful  Wassermanns  were  non-specific  as 
judged  by  autopsy  findings.  It  is  a  noteworthy  and  possibly  sig- 
nificant fact,  that  II  out  of  16,  or  68.7  per  cent.,  of  these  doubt- 
ful reactions  were  gi\"en  Ijy  the  cholesterin  antigen  only.  In 
only  one  instance  was  there  a  doubtful  reaction  with  the  alcoholic 
antigen  alone.  It  is  thus  evident  that  while  the  cholesterin  an- 
tigen may  have  the  advantage  of  giving  more  reactions  in  cases 
of  syphilis,  and  of  more  nearly  excluding  syphilis,  it  has  the  dis- 
advantage of  giving  a  considerably  larger  number  of  apparently 
non-specific  reactions,  as  judged  by  autopsy  findings. 

TABLE  IV 
Doubtful  Reactions 


1 

Anti 

igen 

No.  Cases 

Ale. 

Cholest 

II 

0 

? 

I 

2 

0 

4 

? 

? 

Total  16        ?  =  -f-,  -f-f,  or  +-h-h 

A  review  of  the  data  presented  above  shows  a  close  paral- 
lelism between  the  serological  and  autopsy  findings  at  the  Pres- 
byterian Hospital  during  the  past  three  years.  The  results  are 
at  \'ariance  with  tho-e  obtained  by  Symmers  and  his  co-workers 
at  Bellevue  Hospital.  The  reasons  for  this  difference  are  not 
very  evident ;  though  they  are  probably  due.  in  part  at  least,  to 
differences  in  the  technique  of  carrying  out  the  test.  Such  a 
wide  discrepanc}-  in  the  results  olnained  at  two  large  institutions 
where  both  the  serological  and  pathological  examinations  should 
be  well  done,  would  indicate  the  need  for  further  data  on  the 
Wassermann  question. 
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CONCLUSIONS 

A  comparison  of  the  serological  and  autopsy  findings  at  the 
Presbyterian  Hospital  during  the  past  three  years  brings  out  the 
following  facts : 

1.  Among  cases  showing  anatomical  evidence  of  syphilis  at 
autopsy  8^.y  per  cent,  had  given  during  life  a  -] — | — | — \-  \\'as- 
sermann  with  both  alcoholic  and  cholesterinized  antigens. 

2.  Among  1 88  cases  showing  at  autopsy  no  anatomical  evi- 
dence of  syphilis.  93  per  cent,  had  gi\-en  during  life  a  negative 
Wasserniann  with  both  antigens  and  7  per  cent,  doubtful  reac- 
tions (-J-.  -\ — h'  H — \ — h  ^vith  either  antigen). 

These  findings,  in  our  opinion,  warrant  the  conclusion  that 
the  W'assermann  test,  properly  carried  out,  should  be  of  great 
aid  in  the  diagnosis  of  syphilis. 

Disciissio)!  : 

Dr.  NoRRis:  I  do  not  think  tliat  I  care  to  discuss  tliis  matter.  I  dis- 
tincth-  recognize  the  value  of  these  papers,  and  they  are  quite  in  keeping  with 
a  number  of  papers  published  before.  The  subject  does  not  lend  itself  easily 
to  discussion  and  since  there  has  been  more  or  less  of  an  individual  attack 
in  the  first  paper  I  do  not  think  it  would  seem  suitable  on  my  part  to  make  a 
reply  to  a  repl\-.  There  are  a  certain  number  of  unwarranted  assumptions  in 
the  paper  of  Dr.  Larkin.  In  the  first  place  he  seems  to  assume  that  Dr. 
Symmcrs  did  all  the  serological  tests  himself.  He  did  not  do  tliem  at  all. 
They  were  made  either  by  Dr.  Field  or  Dr.  St.  George,  or  under  their  direc- 
tion. The  methods  that  were  used  arc  known  as  Dr.  Field's;  certainly  his 
publications  are  of  some  value,  and  Dr.  Symmcrs'  attempt  was  merely  to 
correlate  the  gross  findings  with  the  results  obtained  in  general  laboratory 
routine  work.  I  do  not  care  to  uphold  the  dignity  of  Bellevue,  because  I  do 
not  think  it  necessary.  About  three  or  four  years  ago  in  doing  routine  patho- 
logical autopsj-  work  I  came  across  a  number  of  cases  in  wliich  there  were 
fifteen  or  eighteen  with  positive  Wassermanns,  and  the  first  two  of  them 
opened  my  eyes  thoroughlj-.  At  that  time  i  think  Dr.  Field  was  doing  only 
the  cholesterin  test.  So  far  as  we  could  tell  at  autopsy  there  was  no  evidence 
of  specific  infection  ;  there  had  been  no  treatment,  and  there  was  no  history 
of  syphilis.  When  you  run  across  a  certain  number  of  such  cases  they  dis- 
concert you.  However,  I  see  no  reason  for  further  discussion.  Dr.  Symmers 
is  amply  and  fully  able  to  take  care  of  himself. 

Dr.  Ottenherg  :  I  also  do  not  feel  very  much  like  entering  into  a  discus- 
sion, as  apparently  there  is  something  of  the  personal  element  involved.  I 
will  say  this,  that  until  Dr.  Xorris  spoke  I  felt  that  there  was  nothing  furtlier 
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to  say  because  if  seemed  to  me  that  the  two  papers  wliich  had  been  read  set- 
tled the  subject  most  conclusively.  I  still  feel  that,  too.  When  Dr.  Symmers' 
paper  appeared,  like  everj^one  else  who  was  familiar  with  the  subject,  I 
thought  that  if  he  was  right,  I  must  have  been  deceiving  myself  very  greatly 
in  over  20,000  Wassermanns  I  have  personally  done  in  which  I  have  inves- 
tigated the  clinical  histories  and  wherever  I  have  been  able  to,  have  followed 
the  case  to  autopsy.  As  a  matter  of  fact,  after  reading  the  paper  more 
closely,  it  answers  itself.  I  have  no  personal  bias  in  the  matter  at  all.  but  in 
going  over  the  figures,  the  number  of  inconsistencies  between  the  tests  with 
simple  alcoholic  and  those  with  cholesterin  reinforced  antigens  was  so  enor- 
mous that  one  or  the  other  methods  must  be  at  fault.  Now  I  know  that  in 
the  use  of  the  cholesterin  antigen  Dr.  Field's  method  had  been  followed  at 
Bcllevue.  In  testing  out  methods  used  in  various  institutions  in  New  York 
City  a  few  years  ago  I  tried  out  that  method,  and  the  records  showed  a 
larger  percentage  of  errors  with  Dr.  Field's  method  than  with  an}'  other. 
However,  I  did  not  conclude  that  the  method  was  to  be  rejected  at  that  time, 
but  held  judgment  in  reserve,  because  I  had  only  used  it  in  some  two  hundred 
cases.  Later  I  gave  it  up  in  order  to  try  other  methods,  and  finally  used 
the  Walker  and  Swift  one  as  the  most  reliable  with  the  cholesterin  antigen. 
I  finally  recognized,  as  Miss  Olmstead  saj'S,  that  there  is  a  certain  number 
of  non-specific  results  with  cholesterinated  antigen,  but  it  seems  to  me  that 
with  this  knowledge,  and  with  the  knowledge  of  the  source  of  these  errors 
on  one  side  or  another,  it  is  possilile  to  explain  what  has  occurred. 

Dr.  Ewing  :  I  agree  with  Dr.  Norris  that  the  subject  of  the  Wassermann 
reaction  does  not  lend  itself  well  to  discussion.  There  are  so  many  intricate 
questions  involved  on  both  sides  that  the  matter  can  hardi}'  be  settled  by  any 
form  of  debate.  If  there  is  any  personal  bias  in  the  papers  presented,  this  is 
doubtless  only  a  sign  of  the  healthy  interest  that  is  quite  generally  taken  in 
the  merits  and  demerits  of  the  Wassermann  reaction.  I  also  think  that  Dr. 
Sj^mmers'  contribution  will  take  care  of  itself  and  I  have  no  intention  of 
attempting  its  defense. 

It  seems  to  me,  however,  that  it  is  ver}-  difficult  to  make  any  significant 
comparison  of  the  results  of  the  Wassermann  reaction  and  the  anatomical 
signs  of  syphilis  in  the  body,  because  there  are  so  many  variable  factors  in 
both  fields.  Consider,  for  instance,  the  uncertainties  regarding  the  technique 
of  the  Wassermann  reaction.  Not  long  ago  several  laboratories  in  New  York 
consulted  together  and  endeavored  to  establish  a  standard  technique.  The 
results  w^ere  so  divergent  that  the  conclusions  were  never  published,  and 
there  has  been  continuous  recrimination  between  technicians  regarding  the 
different  methods  adopted.  Anyone  listening  to  Miss  Olmstead's  exhaustive 
presentation  will  realize  how  complex  and  delicate  a  thing  this  W'assermann 
technique  is. 

On  the  other  side  it  must  be  recognized  that  the  sulaject  of  the  anatomical 
signs  of  syphilis  is  a  very  large  one.  There  is  hardh-  anything  that  requires 
more  experience  on  the  part  of  the  pathologist  than  the  identification  of  the 
lesser  lesions  of  syphilis  by  gross  and  microscopical  tissue  changes.  I  think 
it  quite  likely  that  any  two  pathologists  might  dift'er  regarding  certain   pos- 
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siblj-  sj-philitic  lesions,  unless  the  Spiroclucta  pallida  were  demonstrated  in 
the  lesion.  In  the  demonstration  of  spirochetje  we  have  the  only  positive  sign 
of  s^-philis,  but  these  organisms  are  often  very  difficult  to  find  and  may  be 
absent  in  old  syphilitic  scars.  Nevertheless,  the  organs  of  subjects  who  had 
had  well  marked  syphilis  during  life  regularly  show  rather  dchnite  lesions, 
the  character  and  significance  of  which  have  been  established  by  the  older 
pathologists  by  much  labor  extending  over  many  years. 

The  great  weakness  of  the  Wassermann  reaction  is  that  it  is  not  a  specific 
reaction.  What  possible  essential  relation  can  there  be  between  an  alcoholic 
extract  of  heart  muscle  of  a  guinea-pig  and  the  bodies  of  Spiroclucta  pallida? 
I  do  not  think  that  serologists  have  paid  enough  attention  to  the  exact  mean- 
ing of  this  reaction,  which  seems  to  indicate  only  the  presence  in  the  blood 
of  an  antigen  reacting  against  derivatives  of  red  blood-cells  or  other  chem- 
ically identical  substances.  Based  on  this  non-specific  test,  clinical  medicine, 
chiefly  in  the  United  States,  has  gone  to  great  lengths,  and  even  committed 
some  absurd  blunders.  One  of  our  enterprising  Western  States  decided  that 
it  was  necessary  to  have  a  negative  Wassermann  reaction  before  anyone 
could  have  a  marriage  license,  and  they  passed  a  law  to  that  effect.  But  the 
law  was  soon  pronounced  unconstitutional  Iiy  their  Supreme  Court ;  it  was 
found  that  the  laboratories  of  the  State  could  not  carry  out  the  work,  and 
it  is  also  clear  that  the  law  is  medically  unsound.  In  several  diseases,  notably 
in  chronic  gastritis,  clinicians  have  attempted  to  establish  a  syphilitic  etiology 
on  the  basis  of  the  Wassermann  reaction.  Now  there  is  no  doubt  that  this 
reaction  is  of  value  in  enabling  clinicians  to  take  care  of  the  sick,  but  when 
it  comes  to  establishing  new  syphilitic  diseases  by  means  of  such  evidence,  it 
is  time  to  protest.  Even  as  a  clinical  test  it  has  seemed  to  me  to  have  very 
definite  limitations  which  are  seldom  emphasized  by  its  sponsors,  and  T  have 
often  been  deeply  impressed  liy  the  errors  into  which  experienced  clinicians 
have  been  led  by  too  exclusive  reliance  on  the  test.  Moreover,  it  is  just  in 
these  doubtful  cases  wdiich  have  appeared  in  one  of  the  papers  this  evening, 
that  one  wants  help  from  the  Wassermann;  and  it  is  just  in  such  cases  that 
the  Wassermann  fails. 

There  is  quite  a  long  list  of  diseases  in  which  the  Wassermann  reaction 
occurs  frequently,  including  malaria  and  otlier  acute  infections,  tuberculosis, 
leprosy,  jaundice,  pernicious  anemia,  hemoglobinemia,  and  even  acidosis. 

I  am  inclined  to  think  that  the  limitations  of  the  Wassermann  reaction 
are  Ijcing  recognized  more  and  more  by  conservative  clinicians  and  laboratory 
men,  and  I  know  of  several  who  speak  with  nnich  less  confidence  about  the 
test  now  than  they  did  some  years  ago. 

Dk.  Moschcowitz  :  I  wish  to  make  a  few  remarks  fmm  the  viewpoint  of 
the  clinician.  I  believe  a  distinction  should  be  made  betweui  interpreting  the 
value  of  the  Wassermann  reaction  from  the  standpoint  of  the  ])athologist  and 
from  the  standpoint  of  clinical  findings.  Certainly  in  the  wards  of  a  hospital 
and  in  general  practice  the  Wassermann  reaction  bears  out  clinical  expecta- 
tions very  closely.  In  other  words,  a  positive  Wassermann  reaction  is  only 
exceptionally  found  when  it  has  not  been  expected;  the  converse  is  equally 
true. 
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Dr.  Larkin:  As  one  of  the  contributors  to  this  paper  and  as  a  member 
of  the  Pathological  Society  I  wish  to  say  that  in  the  presentation  of  this  sub- 
ject no  personal  bias  has  tinctured  our  remarks  or  influenced  our  conclusions. 
Now  I  think  it  is  the  attitude  of  our  scientific  men,  and  it  has  been  the  atti- 
tude of  the  Pathological  Society,  to  have  an  impersonal  and  unbiased  dis- 
cussion of  any  scientific  subject,  and  I  feel  that  my  colleague,  Dr.  Norris, 
has  taken  an  extremely  unjust  attitude,  which  I  highly  resent,  in  his  remarks 
on  our  presentation.  \\'e  have  all  met  here  many  a  time  in  a  "healthy"  way 
for  discussion,  and  our  ideas  should  be  exchanged  without  indulging  in  any 
personalities.  In  preparing  this  paper  it  has  been  the  ambition  of  the  authors 
to  eliminate  the  personal  side.  I  cannot  discuss  at  length  the  figures  which 
have  been  gone  over  because  there  are  other  papers  to  be  presented  here.  I 
only  wish  to  say  that  one  or  two  of  Dr.  Ewing's  remarks  might  bear  some 
discussion.  One  of  them  is  his  observation  on  the  Wassermann  reaction  in 
tuberculosis.  It  has  been  my  endeavor  to  study  personally  the  character  of 
the  reaction  in  pretty  nearly  20,000  cases  of  tuberculosis  at  an  early  stage 
W'hich  have  been  very  carefully  gone  over.  This  is  a  task  requiring  much 
labor,  and  perhaps  when  we  have  more  knowledge  of  the  Wassermann  reac- 
tion in  syphilis  we  may  be  able  to  present  some  "healthy"  discussion  on  the 
subject.  Of  course,  Dr.  Ewing  is  something  of  an  iconoclast,  and  it  is  hard 
to  convince  him.  One  remark  is  noteworthy,  and  that  is  the  attitude  of  the 
surgeon  in  regard  to  syphilis.  From  a  very  large  experience  I  have  seen 
only  two  cases  of  gastric  syphilis,  though  I  have  seen  a  number  of  cases 
which  have  been  sent  to  me,  but  wdiich  showed  no  evidence  of  the  lesion  in 
the  gross  or  microscopically,  despite  the  fact  that  the  clinician  and  the  sur- 
geon very  likely  made  the  assertion  that  the  individuals  had  syphilis. 


Reprinted  from  The  Journal  of  Canxer  Research, 
Vol.  Ill,  No.  1,  January,  1918 


CASES  OF  TYPICAL  AND  ATYPICAL 
LYMPHOSARCOMA 

GEORGE  M.  MACKENZIE 
From  the  Pathological  Laboratory  of  the  Presbyterian  Hospital,  New  York 

Received  for  publication,  July  30,  1917 

The  classical  descriptions  of  Kundrat  (1)  and  Paltauf  (2)  dif- 
ferentiated lymphosarcoma  from  the  group  which  in  the  older 
literature  had  all  been  called  mahgnant  lymphomas.     The  con- 
ception of  Sternberg,  who  reviewed  the  subject  in  1903  and  added 
his  own  observations,  is  briefly  as  follows  (3) :  Lymphosarcoma 
is  a  tumor  formation  starting  in  a  group  of  lymph  nodes  and 
spreading  thence  to  neighboring  nodes  or  folUcles.     It  spreads 
from  region   to   region   without   ever   exhibiting  such   general 
lymphoid  involvement  as  leukemia  or  pseudoleukemia.     Sooner 
or  later  it  invades  the  capsule  and  extends  into  the  surrounding 
tissue.     Metastases   differ   from   those   of   ordinary   neoplasms 
in  that  the  intervening   lymphoid  tissues  are  affected.     True 
metastases,  which  can  be  explained  only  through  transfer  by 
way  of  the  blood  stream,  are  rare,  and  usually  isolated.     Blood- 
vessels are  seldom  invaded  by  l^nnphosarcoma,  being  usually  only 
surrounded  and  narrowed.     The  commonest  sites  of  origin  are 
the  lymph  nodes  of  the  neck,  mediastinum,  mesenteric  and  retro- 
peritoneal  regions;   less   frequently   the   inguinal   and   axillary 
nodes.     The  affected  groups  form  nodular,  uneven  masses,  well 
Umited  in  the  beginning,   but  later  diffusely  permeating  the 
surroundings;  they  are  mostly  hard,  grayish- white,  and  show  a 
homogeneous  cut  surface.     In  general,  when  a  hollow  organ  is  in- 
vaded, the  growth  tends  to  form  a  sleeve-hke  mass  about  it, 
usually,  however,  causing  no  obstruction,  but,  on  the  contrary, 
tending  to  widen  the  lumen.     The  spleen  is  rarely  attacked  and 
the  bone-marrow    Ukewise.     Histologically,  the  tumor  is  char- 
acterized by  an  irregular  reticular  framework  with  lymphoid 
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cells  in  the  meshes;  the  architecture  of  the  node  is  lost;  fol- 
licles and  medulla  are  no  longer  differentiated,  and  the  capsule 
and  surrounding  tissue  are  diffusely  infiltrated  with  tumor 
cells  so  that  the  separate  lymph  nodes  can  neither  be  distin- 
guished from  one  another  nor  from  the  surrounding  tissue. 
Often  the  tumors  show  an  alveolar  structure.  The  cells  resemble 
Ijmiphocytes  but  are  larger,  have  a  more  lightly  staining  nucleus, 
and  a  scanty,  often  almost  invisible,  non-granular  cytoplasm. 
There  is  no  definite  alteration  of  the  blood  picture. 

"The  eight  cases  described  by  Dr.  MacCallum  (4)  fall  quite 
clearly  into  this  group.  Of  his  cases,  none  of  the  three  which 
belonged  to  the  intrathoracic  type  showed  metastases  in  distant 
organs.  The  dissemination  of  the  tumor  masses  conformed 
strictly  to  Kundi'at's  idea  of  regional  distribution.  Indeed,  in 
one  of  these  cases,  the  tumor  had  penetrated  the  heart  wall  and 
hung  in  polypoid  masses  within  the  heart  without  metastasizing 
by  the  blood  stream.  Of  the  five  cases  in  which  the  intestinal 
lesion  forms  the  constant  feature,  two  showed  single  metastatic 
nodules  in  the  liver  and  another  had  metastases  in  the  liver, 
thymus,  bone-marrow,  and  kidneys;  but  these,  from  the  de- 
scription, seem  to  have  been  more  like  infiltrations,  using  the 
framework  of  the  organ  as  their  support,  rather  than  metastatic 
nodules.  The  structure  of  the  tumors  and  the  characteristics 
of  the  cells,  as  well  as  the  pathological  anatomy  in  Dr.  Mac- 
Callum's  cases,  agree  quite  closely  with  Sternberg's  description 
of  the  Kundrat-Paltauf  l3^mphosarcoma. 

The  descriptions  by  Kaufmann  (5)  and  Naegeli  (G)  agree  with 
those  mentioned.  The  former,  however,  speaks  of  two  types  of 
lymphosarcoma:  the  regional  and  the  generalized.  The  latter 
he  regards  as  rare,  but  reports  a  case  of  a  man,  twenty-five 
years  of  age,  in  which  a  primary  lymphosarcoma  of  the  small 
intestine  was  associated  with  metastases  in  the  skin,  pericar- 
dium, pleura,  lung,  bone-marrow,  and  kidneys.  Naegeli,  too, 
observes  that  in  the  late  stages  one  may  find  widely  distributed 
nodules. 

It  is  clear,  then,  that  the  occasional  occurrence  of  a  wide- 
spread dissemination  of  metastases  has  been  well  recognized,  but 
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in  general  these  colonies  have  been  described  as  diffuse  infiltra- 
tions rather  than  as  distinct  circumscribed  nodules.  The  spleen 
has  been  considered  as  almost  immune  to  the  tumor. 

The  four  cases  included  in  this  report  have  been  taken  from 
the  autopsy  records  of  the  past  five  years  at  the  Presbyterian. 
It  would  take  too  long  to  attempt  to  give  a  complete  account  of 
each  case,  but  the  summaries  include  the  essential  features. 

Case  I.  A  man  of  fifty-eight,  who  six  months  before  admission  to 
the  Presbj^terian  Hospital,  in  September,  1912,  noticed  a  large  lymph 
node  in  the  left  groin.  Three  weeks  later  the  superficial  lymph  nodes 
all  over  the  body  were  enlarged.  The  legs,  and  then  the  abdomen 
and  scrotum,  became  swollen.  Physical  examination  showed  great 
enlargement  of  all  the  superficial  lymph  nodes,  fluid  in  the  abdomen, 
enlargement  of  the  liver,  and  oedema  of  the  external  genitals  and  lower 
extremities. 

Blood  count. 

Red  blood  cells 3,600,000 

Haemoglobin 80  per  cent 

White  blood  cells 9,600 

Polymorphonuclears 79 

Lymphocytes 16 

Large  mononuclears 5 

Eosinophiles 0 

Three  weeks  later 

White  blood  cells : 12,000 

Polymorphonuclears 80  per  cent 

Small  lymphocytes 12  per  cent 

Large  lymphocytes 6  per  cent 

Eosinophiles 3  per  cent 

All  the  lymphatics  steadily  enlarged  and  fluid  accumulated  in  the 
chest.  The  spleen  enlarged  so  that  the  edge  was  felt  6  cm.  below  the 
costal  border;  the  edge  of  the  liver  was  7.5  cm.  below  the  costal  border. 
A  large,  firm  mass  was  felt  in  the  pelvis  on  rectal  examination.  There 
is  no  note  in  the  record  of  an  examination  for  Bence-Jones  protein. 

Autopsy.  There  was  a  great  enlargement  of  all  the  superficial 
lymph  nodes.  Surrounding  the  rectum,  and  nearly  filling  the  pelvis, 
to  the  walls  of  which  it  was  adherent,  there  was  a  tumor  which  ex- 
tended upward  and  involved  the  retroperitoneal  lymph  nodes,  sur- 
rounding each  ureter,  the  aorta,  and  the  inferior  vena  cava.     Extend- 
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ing  from  the  mass  about  the  inferior  cava,  the  tumor  had  infiltrated 
the  right  kidnej^  diffusing  itself  gradually  out  to  the  cortex.  The 
pericardium  was  studded  with  irregular  nodules  and  was  adherent  to 
both  lungs.  The  pleural  surface  of  each  lung  was  marked  with  small 
nodules  and  tumor  tissue  was  also  found  passing  into  the  lung  about 
the  bronchi.  The  mediastinal  and  bronchial  nodes  were  much  en- 
larged. The  liver  contained  no  tumor  nodules.  The  spleen  measured 
18  by  10  by  7  cm.  It  showed  some  small  anaemic  infarcts  and  on 
the  cut  surface  innumerable  small  white  foci  appearing  like  enlarged 
malpigliian  corpuscles.  There  was  no  tumor  in  the  pancreas  nor  in 
the  left  kidney.  The  oesophagus  had  a  great  many  very  small  nodules 
on  the  mucous  membrane.  The  stomach  and  intestine  exhibited  no 
evidence  of  tumor,  nor  was  the  lymphoid  tissue  unusually  prominent. 
The  bone-marrow  of  the  femur  contained  some  very  small  nodules 
scattered  through  it. 

Microscopical  examination.  Microscopically  the  tumor  has  the  same 
appearance  wherever  found.  The  architecture  of  the  Ijanphoid  tissue 
is  entirely  lost,  the  tissue  being  overwhelmed  by  tumor  cells.  The 
stroma  is  scanty;  the  tissue  is  only  moderately  vascular.  The  cells 
show  considerable  uniformity  in  size  and  shape;  they  are  a  little  larger 
than  lymphocytes,  stain  less  deeply,  and  have  little  or  no  visible  cyto- 
plasm. No  tendency  toward  an  alveolar  structure  is  evident.  The 
capsule  of  the  lymph  nodes  has  been  invaded,  and  dense  accumulations 
of  cells  are  found  scattered  diffusely  through  the  surrounding  tissue. 
In  the  spleen,  the  tumor  cells  have  formed  follicle-like  masses  two  or 
three  times  the  usual  size  of  malpighian  corpuscles. 

Case  II.  The  patient  was  a  man  of  fifty-five  admitted  to  The  Pres- 
byterian Hospital  January  4,  1916.  He  had  had  a  chancre  and  sec- 
ondary lesions  twenty-three  years  ago.  For  seven  months  before  ad- 
mission to  the  hospital  he  had  had  intermittent  sharp  darting  pains  in 
the  back,  about  the  shoulders,  and  in  the  groins.  Various  forms  of 
treatment  gave  no  relief.  Physical  examination  showed  a  stout  ple- 
thoric man  with  slight  cyanosis,  a  little  exophthalmos,  nystagmus  and 
inequality  of  the  pupils.  Heart  a  little  enlarged  to  the  left,  systolic 
murmur  at  the  apex,  and  occasional  extra  systoles.  There  was  also  a 
right  inguinal  hernia.  Superficial  lymph  nodes  were  not  enlarged. 
Neither  liver  nor  spleen  was  palpal^lc. 
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Blood  count. 
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o 
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Wassermami.  Alcoholic  antigen,  negative;  cholesterin  antigen, 
negative. 

Spinal  fluid.     Normal. 

Phthalein.     28  per  cent  in  two  hours. 

McLean  Ainbard  index.     95.5. 

Examination  of  stool.     No  blood,  pus,  ova,  or  parasites. 

Gonococcus  complement  fixation.     Negative. 

Pain  in  various  parts  of  the  body  persisted,  he  became  paralyzed 
below  the  waist,  lost  control  of  bladder  and  rectum,  and  developed 
oedema  of  the  legs.  By  rectal  examination  a  mass  was  felt  above  the 
prostate  and  hard  irregular  masses  were  noted  in  the  left  side  of  the 
abdomen. 

Urine.  Specific  gravity,  1020  to  1037.  Acid.  Albumin — very  faint 
trace.     Glucose,  none.     Microscopic,  hyaline  and  granular  casts. 

Temperature  and  pulse.     Normal  till  just  before  death. 

Blood  pressure.     124/74. 

Autopsy.  The  lymph  nodes  along  the  aorta  and  in  the  mesentery 
were  greatly  enlarged.  The  grayish  tissue  by  which  they  were  replaced 
had  extended  through  their  capsule  and  invaded  the  fat  about  them, 
forming  a  large  mass  almost  completely  surrounding  the  aorta  and 
vena  cava  from  the  diaphragm  to  the  pelvis.  There  were  nodules 
also  in  the  fat  about  both  kidneys.  The  bronchial  lymph  nodes  were 
enlarged  and  composed  of  tumor  tissue.  A  single  node  in  the  lower 
part  of  the  cervical  chain,  measuring  1  cm.  in  diameter,  was  composed 
of  tumor.  The  pleural  surface  of  each  limg  contained  nodules,  and 
numerous  whitish  tumors  projected  from  the  liver,  the  largest  measur- 
ing 2  cm.  in  diameter.  The  spleen  weighed  85  grams  and  seemed  to  be 
normal.  The  dura  of  the  spinal  cord,  from  the  8th  dorsal  vertebra 
upward,  was  infiltrated  by  a  sheet  of  tumor  measuring  1  to  3  mm.  in 
thickness.     It  had  surrounded  the  roots  of  the  nerves  as  they  passed 
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out,  but  did  not  appear  to  have  exerted  pressure  on  the  cord  itself, 
nor  were  the  vertebrae  invaded.  The  other  organs  showed  nothing  of 
interest. 

Microscopical  examination.  Here  again  the  invasive  quahty  and 
loss  of  the  lymphoid  tissue  are  evident  in  the  sections.  In  vascularity 
and  in  the  amount  of  connective  tissue  framework,  this  case  is  quite 
similar  to  the  first,  but  in  lioth  the  primary  tumor  and  the  metas- 
tases there  is  a  moi-c  marked  tciidcncx-  toward  an  alveolar  arrangement. 


Fh;.  1.     Cask  1 1 

DrawiiiK  sliowiiiji  clKir.'ictcr  of  tiiiiiDr  cells  in  t  lie  incl  ast  at  ic  nodules  in  pleura 
and  liver,  'i'he  cells  are  sliKlill}'  larf^er  than  lynipliocyfes,  are  more  irregular 
in  sli.'ipo,  and  have  vesieular  nurlei. 

Except  for  their  sliglilly  gi-eater  size.  I  lie  cells  of  the  pi'imary  growl  li  in 
the  abdominal  iNinpli  nodes  re.semi)le  noiiii.-d  lymphocytes  quite  closely; 
they  are  8  to  10  miern  in  diameler,  the  nueleiis  is  loimd,  deeply  stained, 
and  surroundeij  by  (»nly  ;i  n;ino\\  lim  of  cylopl.'ism.  In  the  liver, 
spinal  meninges,  .■md  pleui;d  metastases,  the  cells  are  larger,  more 
irregular  in  shape,  and  ha\-e  more  xcsicular  inichM.  In  th(>  bone 
marrow  there  arc  small  discrete  foci  of  tmnor  cells. 
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These  two  cases,  it  seems,  may  be  classed  as  belonging 
to  the  Kiindrat-Paltauf  group.  In  the  first,  the  primary  tu- 
mor was  apparently  about  the  rectum ;  from  here  it  had  extended 
to  practically  all  the  lymphoid  tissue  in  the  body  and  had 
extensively  infiltrated  the  surrounding  tissues.  The  foci  in 
the  spleen  and  marrow  are  unusual  features  but  the  occasional 
occurrence  of  such  metastases  has  been  recognized.  The 
primary  growth  in  the  second  case  was  evidently  in  the  lymph 
nodes  about  the  aorta.  The  invasion  of  the  spinal  meninges 
with  the  clinical  picture  dominated  by  spinal  cord  symptoms, 
and  the  discrete  nodules  in  the  liver,  were  the  atypical  features 
here. 

Microscopically,  both  of  these  cases  agree  well  with  the  de- 
scriptions of  Drs.  MacCallum,  Sternberg,  Paltauf,  and  Kundrat. 

The  two  following  cases  are  more  atypical,  and  hence  more 
difficult  to  classify. 

Case  III.  The  patient  was  a  Russian  woman  of  forty-four,  who 
entered  the  Presbyterian  Hospital  August  1,  1916.  There  was  noth- 
ing important  in  the  famity  history  or  past  history. 

Seven  months  before  admission  to  the  hospital  she  noticed  enlarged 
nodes  in  each  inguinal  region.  Three  months  later,  those  in  the  left 
axilla  became  enlarged  and  subsequently  all  the  other  superficial 
lymph  nodes.  On  physical  examination  there  was  found  general  en-, 
largement  of  all  the  superficial  nodes,  without  any  tenderness;  signs  of 
fluid  in  the  left  chest;  an  enlarged  liver,  the  anterior  margin  of  which 
extended  8  cm.  below  the  costal  border;  in  the  left  upper  quadrant  of 
the  abdomen  a  very  large  mass  with  a  notched  border  taken  to  be  the 
spleen,  and  nodular  masses  in  the  loft  lower  ciuadrant  also. 

Blood  count. 

Red  blood  cells 3,240,000 

Haemoglobin 70  per  cent 

White  blood  cells 5,300 

Polj-morphonuclears 8o  per  cent 

Lymphocytes 13 

Eosinophiles 2 

A  node  was  excised  from  the  loft  axilla  and  from  it  an  emulsion  was 
made  for  guinea-pig  inoculation.     Xo  trace  of  tuberculosis  could   be 
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found  in  the  guinea-pig,  however,  when  it  came  to  autopsy.  Exami- 
nation of  the  urine  for  Bence-Jones  protein  was  negative. 

Autopsy.  At  autopsy  there  were  found  projecting  nodules  in  the 
inguinal,  axillary,  and  cervical  regions.  The  lymph  nodes  about  the 
iliac  vessels  and  the  aorta  were  greatly  enlarged,  and  composed  of 
firm  grayish  tissue,  the  largest  measuring  6  or  7  cm.  in  diameter. 
The  capsule  of  man^-  of  the  nodes  had  been  invaded,  so  that  in  places 
several  were  fused  together  into  a  single  large  nodular  mass.  These 
masses  closely  surrounded  the  aorta,  and  the  vena  cava  was  also 
embedded  in  tumor,  to  which  its  wall  was  in  places  densely  adherent. 
The  bronchial  and  mediastinal  nodes  were  enlarged  in  the  same  way 
and  fused  into  one  mass.  The  psoas  muscle  on  each  side,  and  the  lumbar 
vertebrae,  were  invaded  by  direct  extension  of  the  tumor  from  the 
retroperitoneal  nodes. 

Lungs.  Dense  coats  of  gray  tumor  tissue  were  found  following  the 
bronchi  and  blood-vessels  into  the  substance  of  the  limg,  and  also 
some  button-like  nodules  on  the  pleura. 

Liver.  Weight  1450  grams.  It  contained  numerous  ]irojecting 
nodules  of  a  rather  grayish-yellow,  translucent  appearance;  in  the 
region  of  the  cystic  duct  there  was  a  single  large  nodule. 

Spleen.  Weight  1820  grams.  It  was  largely  made  up  of  clusters  of 
firm,  grayish,  more  or  less  discrete  nodules  of  tumor.  It  showed  also 
large  areas  of  infarction. 

Intestines.     Normal.     No  enlargement  of  tlie  lymphoid  structures. 

Bladder.     There  were  distinct  tumors  in  the  nuiscular  coal. 

Uterus,  vagina,  ovaries,  kidneys,  adrenals,  and  aorta.  Showed  nothing 
noteworthy. 

Bone  niarroiv.  The  marrow  of  the  lum])ar  vertebrae  was  fatty  and 
yellow.  In  the  marrow  of  the  crest  of  the  ileum,  a  single  nodule  was 
found. 

Heart,  stomach,  rectum.     Norm;d. 

Microscopical  examination..  The  slruclure  of  the  tissue  and  the 
appearance  of  the  cells  is  much  the  same  in  all  (he  (unior  masses.  The 
architecture  of  the  lymi)h  nodes  has  been  (>ntirely  lost;  there  ai'e  few 
blood-vessels  and  very  little  stroma,  that  present  being  mostly  in 
tlic  foiiii  of  fil;nnciits  dividing  the  tumor  cells  more  or  less  info  gioups. 
The  growth  has  invaded  the  capsule  of  the  lymph  n()(l(\s  to  some  ex- 
tent, hut  the  separation,  by  th(>  capsule,  of  the  tumor  cells  within  the 
Hole  from  the  surrounding  tissue,  is  still  distinct,  'i'he  cells  show 
great  variation    in    size,    but    average    abonl     12  to    14    miciM,   though 
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some  are  fully  three  times  the  size  of  a  lymphocyte;  these  are  often 
angular  and  irregular  in  shape.  The  well  preserved  cells  have  an 
oval,  slightly  irregular,  or  round  vesicular  nucleus  with  a  sharply 
marked  nucleolus.  The  cj^toplasm  is  wider  than  in  a  lymphocyte  and 
stains  a  grayish-blue  color.  Mitotic  figures  in  every  stage  are  abun- 
dant. An  occasional  multinuclear  element  much  larger  than  the 
predominating  type  can  also  be  found  after  careful  searching. 

'^ 


i»« 


T^'**"" 


"Oka     ^L\. 

Fig.  2.     Case  III 

Note  the  great  variation  in  the  size  and  shape  of  cells,  the  presence  of  frag- 
mented nuclei,  the  poor  vascularization,  and  the  lack  of  stroma. 

Case  IV.  The  patient  was  an  Italian  of  forty-two,  admitted  to  the 
Presbyterian  Hospital  in  February,  1914,  complaining  of  swelling  of 
the  right  leg  of  about  eight  months'  duration.  Physical  examination 
showed  a  firm  mass  the  size  of  an  egg  in  the  right  groin,  nodular  masses 
in  the  right  lower  quadrant  of  the  abdomen,  an  enlarged  spleen  extend- 
ing 5  cm.  below  the  costal  border,  no  enlargement  of  the  liver,  and 
enlarged  nodes  in  the  cervical  and  axillary  groups. 
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WasseDuann.     Positive  +  +  +  • 
Spinal  fluid.     Negative. 
Blood  count. 

Red  blood  cells 5,000,000 

Haemoglobin 85  per  cent 

White  blood  cells 6,100  to  14,000 

Pohinorphonuclears 68  to  78  per  cent 

Small  lymphoc3-tes 18  to  26  per  cent 

Large  lymphocytes 2  to    8  per  cent 

Large  mononuclears 1  to    6  per  cent 

Eosinophiles 1  to    4  per  cent 

Basophiles 0  to    1  per  cent 

Urine.  A  faint  trace  of  albumin  and  a  few  hyaline  and  granular 
casts. 

Blood  pressure,  pulse,  and  temperrature.     Normal. 

The  superficial  lymph  nodes  steadih'  enlarged,  and  became  adherent 
to  one  another  and  to  the  surrounding  tissues;  great  oedema  developed 
in  both  legs  and  in  the  scrotum;  the  spleen  and  masses  in  the  abdomen 
steadily  increased  in  size.  The  liver  was  not  palpable.  A  bloody 
effusion  developed  in  the  left  chest.  Anti-sj-philitic  treatment  had  no 
effect,  either  upon  his  general  condition  or  upon  the  enlarged  lymph 
nodes.  Rectal  examination  disclosed  a  large  mass  nearly  filling  the 
pelvis.     The  urine  showed  no  Bence-Jones  protein. 

Autopsy.  In  the  cervical,  axillary,  and  inguinal  regions  there  were 
large  masses  of  nodes  matted  together,  none  of  which,  however,  was 
adherent  to  the  skin.  The  mesenteric  and  retroperitoneal  nodes  were 
greatly  enlarged,  the  largest  masses  being  found  just  above  Poupart's 
hgament  on  the  right  side.  In  the  mediastinum  and  about  the  bronchi, 
the  h-mph  nodes  were  distinctly  enlarged,  but  less  so  than  in  the  retro- 
peritoneal chain.  The  enlarged  nodes  were  generally  well  encapsulated, 
although  adherent  to  one  another.  Nowhere  was  there  a  diffuse  in- 
filtration of  the  surrounding  tissues.  The  pleura  of  the  left  lung  con- 
tained large  flattened  tumor  masses;  the  pleura  of  the  right  lung  had 
similar  flattened  masses  but  much  less  extensive.  The  vessels  and 
bronchi  entering  the  lung  were  surrounded  by  coats  of  whitish  tumor, 
but  there  were  no  other  nodules  in  the  substance  of  the  lungs.  The 
spleen  weighed  2250  grams,  the  enormous  increase  in  size  being  due  to  a 
great  mass  of  nodules  of  the  same  pale  gray,  firm  tumor  tissue.  A 
few  of  the  nodules  had  a  yellowish  tint  and  were  softer  than  the  others; 
their  average  size  was  about  2  cm.     Small  masses  were  also  found  on 
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the  diaphragm.  Heart,  aorta,  Hver,  gall  l)laclder,  pancreas,  adrenals, 
bladder,  and  prostate  showed  nothing  noteworthy.  The  intestines 
were  normal.  There  was  no  enlargement  of  the  intestinal  lymphoid 
tissue. 

Microscopical  examination.  The  structure  of  the  tumor  and  the 
character  of  the  predominating  cells  are  here  similar  to  those  in  case 
III,  though  the  nuclei  stain  somewhat  more  deeply,  In  some  places, 
an  alveolar  arrangement  is  very  definite.     The  large  cells  which,  in 
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Fig.  3.     Case  IV 

The  cells   are   very   large   and  vary  greatly   in   shape   and   size.     Extremely 
large  cells  with  irregularly  .^haped,  deep-staining  nuclei  are  common. 

case  III,  were  very  scarce,  are  in  this  case  numerous,  almost  everj^  low 
power  field  having  four  or  five.  Some  of  these  have  several  nuclei 
closely  crowded  together,  others  a  single,  large,  convoluted  nucleus. 
The  largest  of  these  elements  measure  40  to  50  micra  in  diameter  and 
have  a  nucleus  in  most  cases  staining  very  darkly  and  occupying  two- 
thirds  to  three-fourths  of  the  cell.  The  non-granular  cytoplasm  stains 
a  grayish-pink  color  and  is  sharply  outlined.      These   cells  resemble 
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somewhat  the  megalokaryocytes  of  bone-marrow,  although  the  nucleus 
occupies  relativeh'  more  of  the  cell  and  is  richer  in  chromatin.  The 
bone-marrow  sections  show  focal  accumulations  of  cells  quite  the 
same  as  those  found  in  the  h'mph  nodes. 

The  similarity  in  these  two  cases  (III  and  IV),  is  very  strik- 
ing in  many  particulars.  Clinically,  the  following  points  of 
similarity  should  be  noted: — One  patient  was  forty-two,  the  other 
forty-four:  in  one  the  disease  ran  its  course  in  nine  months, 
in  the  other  in  fourteen  months:  in  both  the  first  lymphatic  in- 
volvement noticed  was  in  the  groin;  in  both  a  marked  enlarge- 
ment of  all  the  superficial  lymph  nodes  followed  within  a  few 
months ;  both  showed  enlargement  of  the  liver  and  great  enlarge- 
ment of  the  spleen,  as  well  as  nodular  masses  in  the  lower  abdo- 
men: in  neither  was  there  a  leukemic  blood  picture. 

In  their  pathological  anatomy  the  two  cases  are  likewise 
very  similar:  the  general  lymphatic  enlargement,  the  tendency 
of  the  enlarged  nodes  to  become  fused  together  into  large  masses 
without,  however,  diffusely  invading  their  surroundings,  as 
was  the  condition  in  the  first  two  cases;  the  great  enlarge- 
ment of  the  spleen  from  the  presence  of  discrete  tumor  nodules 
closely  crowded  together,  the  involvement  of  bronchi,  pulmo- 
nary vessels,  and  pleura  in  a  characteristic  manner,  the  absence 
of  any  change  in  the  lymphoid  tissue  of  the  intestines,  and 
finally,  the  presence  of  discrete  foci  of  tumor  cells  in  the  bone 
marrow  without  the  presence  of  Bence-Jones  protein  in  the 
urine.  All  these  features  were  present  in  both  cases.  One  of 
them  did,  however,  show  discrete  nodular  metastases  in  the 
liver  and  the  urinary  bladder,  while  the  other  did  not. 

The  resemblance  between  the  two  is  further  l)orne  out  by 
the  histological  picture.  The  structure  of  the  tumor  tissue,  and 
the  size,  shape,  and  staining  affinities  of  the  predominating  cells 
are  much  the  same  in  each.  Case  IV  has,  ho\vever,  many  more 
of  the  very  large  cells  and  these,  moreover,  are  larger  and 
have  more  darkly  staining  nuclei  than  the  large  cells  in  case  III. 

WTion  we  try  to  place  these  two  cases  in  any  of  the  recog- 
nized groups  of  ))iiiiiai-y  enlargement  of  the  lymphoid  tissues. 
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difficulties  are  encountered  at  once.     From  the  Kundrat  lympho- 
sarcoma they  are  distinguished  by  the  following  characteristics: 

1.  The  early  involvement  of  the  lymph  nodes  throughout  the 
body,  in  a  manner  which  does  not  suggest  a  regional  extension. 

2.  The  formation,  in  great  numbers,  of  discrete  nodular  metas- 
tases in  the  liver  (case  III)  and  spleen  (both  cases). 

3.  The  much  less  marked  tendency  to  grow  out  into  the  sur- 
rounding tissues,  but  rather  to  form  large  masses  of  nodes, 
adherent  to  one  another. 

4.  The  very  different  histological  picture: — the  greater  aver- 
age size  of  the  cells  and  the  variation  in  their  size  and  shape, 
the  more  vesicular  character  of  the  nuclei,  and  the  presence  of 
very  large  cells  which  in  one  case  have  an  appearance  suggesting 
megalokaryocytes. 

From  pseudoleukemia  or  aleucocythaemic  lymphatic  leuke- 
mia these  cases  are  readily  differentiated  by  the  type  of  splenic 
enlargement,  the  nodular  metastases,  and  the  different  histo- 
logical picture,  these  cases  having  cells  bearing  no  resemblance 
to  the  lymphocyte. 

From  the  leucosarcoma  of  Sternberg,  assuming  that  there 
may  be  an  aleukemic  stage  or  form  of  this  condition,  the  cases 
I  have  described  may  be  differentiated: 

1.  By  the  fact  that  in  leucosarcoma  the  splenic  enlarge- 
ment is  due  to  a  diffuse  infiltration  of  the  whole  spleen  by 
the  abnormal  cells,  and  not  to  the  presence  of  clusters  of  discrete 
nodules. 

2.  The  liver  is  affected  in  leucosarcoma  in  the  same  way  as  in 
leukemia,  that  is,  by  infiltrations. 

3.  By  the  absence  in  leucosarcoma  of  the  very  large  cells  found 
in  the  two  cases  I  have  described. 

It  is  hardly  necessary  to  point  out  that  the  histological  pic- 
ture alone  of  Hodgkin's  disease  is  sufficiently  characteristic  to 
make  it  unnecessary  to  indicate  other  points  of  differentiation. 

SUMMARY 

In  conclusion,  then,  the  four  cases  included  in  this  prelimi- 
nary report  fall  into  two  groups.     The  first  two  have  enough  in 
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common  with  the  Kundrat-Paltauf  lymphosarcoma  to  be  classed 
as  such.  The  other  two  cases  differ  so  essentially  from  lympho- 
sarcoma, pseudoleukemia,  and  leucosarcoma  that  to  place  them 
in  any  of  these  groups  seems  unjustifiable. 
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The  family  Koellikeriadae  (Didymozoidae  Mont.). 
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The  genus  Didymozoon  was  created  by  Taschenberg,  1878.  1879 
to  comprise  "worms  elongated,  sometimes  kidney  shaped  or  grown 
together  in  a  ring  with  demarcated,  often  thread-like  neck ;  without 
suckers.  Pharjmx  spherical  or  oval,  intestine  present  or  absent. 
Testes  forming  a  tube  in  numerous  convolutions.  Egg  bearing  canal 
extending  in  coils  with  the  latter  throughout  the  body.  Genital 
orifice  at  the  anterior  body  end.  Vitellarium  absent.  The  small  oval 
eggs  with  chitinous  shell  present  in  millions  in  the  uterus."  The 
genus  Nematohothrium  later  ranged  with  Didymozoon  in  this  family 
by  MoxSLTiCELLi  and  Braun  is  not  concisely  defined  by  van  Benedex. 
Braun  describes  them  as  very  much  elongated  Didymozoidae  without 
intestine  but  with  mouth  opening  and  with  genital  pore  at  the 
head  end. 

These  two  genera  make  up  the  family  Didymozoidae  (Moxticelli, 
1888)  defined  by  Braun  as  follows:  Digenetic  trematodes  living 
always  in  pairs  in  cj^sts  without  separation  of  sexes.  Anterior  part 
of  body  narrowed  into  a  neck,  posterior  part  cylindrical  or  swollen 
into  kidney  shape;  sometimes  two  individuals  are  grown  together. 
Mouth  sucker  alone  present ;  pharynx  rudimentary  or  absent ;  intestine 
present  or  absent.    Genital  pore  in  front  of  mouth,  terminal.    Testis 
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a  much  convoluted  tube  accompanied  hj  windings  of  the  uterus. 
Eggs  very  numerous  without  filaments.  Living  on  the  outer  surface 
of  the  body  or  in  the  mouth,  branchial  cavity  or  in  the  body  of 
marine  fishes. 

As  will  be  seen  by  anyone  who  reads  the  descriptions  of  the 
various  worms  which  go  to  make  up  this  family  together  witli  those 
of  a  number  of  other  forms  which  have  been  given  places  among 
the  Distomidae  or  Monostomidae,  there  still  reigns  the  greatest  con- 
fusion and  it  seems  almost  impossible  to  set  the  matter  straight 
because  in  so  many  cases  names  have  been  assigned  after  only  the 
most  meager  study  of  the  worm  and  even  without  a  single  word 
of  description.  It  is  clear  that  some  of  the  species  belong  not  to 
the  genus  Didijmosoon  but  to  jSematobothrium  while  other  genera 
have  been  establislied  {Koellikeria,  Wedlia  by  Cobbold)  to  receive 
forms  which  had  previously  been  named  Monostomum  or  Bistomum. 
Of  these  genera  which  were  proposed  long  before  Didymosoon.  Braun 
rejects  Wedlia  and  retains  Koellikeria.  Both  evidentl}^  contain  forms 
which  correspond  with  those  described  as  Didymosoon  and  strict 
adherence  to  the  rules  of  nomenclature  should  force  us  to  use  one 
of  these  names  instead  of  Didymosoon.. 

Cobbold  in  1860  described  the  genus  KoelWcena  as  follows: 
..Sexus  discretus.  Corpus  maris  fili forme  antrorsum 
clavatum,  retrorsum  sensim  attenuatum.  Os  acetabu- 
liforme  orbiculare.  Acetabulum  vent  rale  sessile. 
A  p  e  r  t  u  r  a  genitalis  inter  o  s  e  t  acetabulum.  Corpus 
feminae  antrorsum  fili  for  me  clavatum,  retrorsum 
s  u  b  i  1 0  i  n  c  r  e  s  c  e  n  s ,  r  e  n  i  f  o  r  m  e.  A  p  e  r  t  u  r  a  g  e  n  i  t  a  1  i  s  i  n  t  e  r 
OS  et  acetabulum.  K.  fdicollis  Cobb.  =^  D.  okenii  Koell.,  D. 
filicolle  VAN  Beneden,  Monost.  filicoUe  Rud. 

The  same  author  described  the  genus  Wedlia  as  follows,  the 
description  showing  that  it  is  like  Koellikeria  except  in  having  only 
one  sticker. 

Wedlia:  Corpus  inerme,  reniforme,  lobatum;  aliquando 
antrorsum  attenuatum,  apice  incrassatum  clavatum, 
retrorsum  subito  increscens.  Os  terminale  acetabuli- 
forme.  Acetabulum  ventrae  mull  urn.  Androgyna(?) 
apertura  genitale  infra  os.  Oviparum,  o vulis  non  oper- 
c  u  1  a  t  i  s ,  avium  i  n c o  1  a  e t  in  c a  v o  b r a n  c li i a r u m  p i s c i u m 
mar  in  arum  gemmatim  in  fol  lieu  lis  inclusum. 
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Wedlia  bipartita  Cobb. 

Wedlia  faba  Cobb.  =  Monost.  faba  Bremsek. 

Probably  none  of  these  descriptions  is  absolutely  exact  since, 
as  we  shall  see,  the  presence  or  absence  of  suckers  seems  to  be  a 
variable  feature  in  these  forms  and  rudimentary  suckers  or  fading 
remnants  of  an  atrophying-  and  disappearing  sucker  make  it  difficult 
to  decide  whether  there  are  two,  or  only  one,  or  none.  This  appears 
to  be  the  result  of  their  perfectly  inactive  life  in  a  cyst  and  although 
it  is  probable  that  they  all  originally  had  two  suckers,  these  organs 
are  now  found  in  various  stages  of  retrogression  and  their  number 
can  scarcely  be  used  as  the  basis  for  separating  genera. 

With  regard  to  the  genital  apparatus,  close  examination  shows 
that  while  in  one  of  the  pair  the  female  organs  are  highly  developed 
and  the  male  obsolescent,  in  the  other  the  reverse  is  the  case 
although  in  both  there  is  a  fading  hermaphroditism.  The  outer 
form  of  the  bodies  corresponds  with  the  predominance  of  the 
respective  sex  development. 

Therefore  specifications  as  to  these  points  in  the  description  of 
the  genus  have  not  the  same  decisive  importance  that  they  have  in 
other  genera  and  it  seems  on  that  basis  that  Cobbold's  description 
of  Koellikeria  is  about  as  accurate  as  the  later  ones  and  therefore 
by  the  rules  of  nomenclature  since  it  is  the  first  generic  name  which 
distinguishes  these  peculiar  forms  it  should  be  accepted.  There  is 
nothing  in  the  description  given  by  Taschenberg  for  the  genus 
Bidymosoon  which  would  justify  the  abandonment  of  the  earlier 
genus,  and  his  statement  that  there  are  no  suckers  is  even  less 
accurate  than  Cobbold's  division  of  the  group  into  KoelliJceria  with 
two  suckers  and  Wedlia  with  one. 

There  is  no  good  reason  why  Wedlia  should  not  be  used  as 
the  generic  name  except  perhaps  that  KoelliJceria  appears  first  in 
the  same  paper. 

It  is  therefore  proposed  to  substitute  the  name  KoelliJceria  for 
Bidymozoon  throughout  and  the  genus  may  be  briefly  redescribed 
as  follows: 

KoelliJceria  (Cobbold,  1860). 

Digenetic  trematodes  living  in  pairs  in  cysts.  Hermaphrodite 
but  sexually  distinguishable  by  the  outer  form  and  by  the  predo- 
minance in  each  of  the  genital  organs  of  one  sex  with  obsolescence 
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of  tlie  Others.  Anterior  part  of  body  narrow,  posterior  part  C3iin- 
drical  or  swollen  into  kidney  shape:  sometimes  two  individuals  are 
grown  together.  Suckers  rudimentary  or  very  feebly  developed. 
Both  may  be  present  or  one  or  both  may  be  absent:  pharynx  and 
intestine  may  be  rudimentary  or  absent.  Genital  opening  near 
mouth.  Ovary  and  yolk  gland  long  convoluted  tubes  meeting  in  a 
shell  gland  at  beginning  of  a  long  tubular  uterus.  Eggs  yellow  and 
rounded.  Testes  saccular  or  tubular  with  long  convoluted  vas 
deferens.  No  muscular  cirrus.  Many  forms  are  supplied  with  a 
nutritive  vascular  film  from  the  host. 

The  situation  may  be  presented  most  clearly  by  giving  a  brief 
summary  of  the  descriptions  of  the  forms  which  appear  to  belong  in 
each  of  the   long  accepted  genera  Didymosoon  and  Nemaiohothrium. 


Genus  KoeUikeria  Cobb.  (Didtj^uo^oon  Taschenberg). 

K.  (D.)  thijnni  Taschenbeeg.  {Monostomum  bipartUum  Wedl, 
Wagener  etc.) 

Wedl's  description  follows:  Cysts  3 — 4  mm  in  size  found  on  the 
gills  of  Tkymms  imhjaris  contain  one  or  two  peculiar  monostomes. 
There  is  a  pyriform  head  and  reniform  body  connected  by  a  long 
strand.  Head  measures  1,4X0,6  mm,  the  abdominal  part  2  mm, 
the  neck  2  >(  0,8  mm.  The  smaller  of  the  two  worms  which  seems 
sexually  immature  has  a  much  smaller  abdominal  part.  Anterior 
sucker  obliquely  perforated,  behind  it  the  opening  of  the  uterus 
which  runs  back  into  the  abdomen.  Thin  grey  cords  seen  there 
represent  the  ovary.     Eggs  yellow,  brown,  reniform  0,026  X  0,005  mm. 

Taschenberg  adds,  pharj'nx  oval,  intestine  present.  The  two 
individuals  of  one  cj^st  grow  together  into  a  roundish  structure 
with  two  heads.    Length  6  mm  X  4,5  mm. 

Many  others  have  described  this  worm,  Wagener  mentioning 
3  tj'pes  and  Ariola  separating  3  species  which  he  assigns  to  2  new 
genera  Didymocystis  and  Didymostoma  as  follows: 

Didymocystis  reniformis  (Wagener's  second  form). 

Animals  in  each  cyst  similar  to  one  another.  The  two  regions 
of  body  sharply  demarcated,  posterior  sac  like,  anterior  filiform 
3—4  mm  long  and  enlarged  anteriorly.  Mouth  small,  terminal  with 
double  muscular  pharynx  but  no  sucker,  short  oesophagus  and  two 
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simple  intestinal  coeca.  Genital  opening  below  bifurcation,  with 
genital  canal.  Parallel  to  this  canal  runs  the  uterus  which  opens 
near  the  mouth.    Eggs  bean  shaped  16  X  10  f^.    Animal  10  X  6  mm. 

Didijmostoma  hipartitum  (Wedl  ,  1855) ,  (Wagenee's  first  form). 
Identical  with  Didymosoon  micropterygis  of  Richiaedi.  Cysts  with 
two  dissimilar  individuals,  one  large  as  a  pea  with  two  regions, 
filiform  and  globular;  the  other  minute  without  posterior  swelling. 
Mouth  sucker  present,  but  no  pharynx;  short  oesophagus  bifurcates 
in  two  simple  intestinal  coeca.  Uterine  opening  near  mouth.  Eggs 
21  X  11,6  //.  Small  individual  has  mouth  sucker  and  larger  and 
longer  neck.    Measures  3,5  X  2  mm.    The  smaller  is  2,5  mm  in  length. 

Didymocystis  ivedli  (Wagenee's  third  form). 

Cysts  on  gills  contain  two  equal  individuals  with  elongated 
body,  the  abdominal  region  of  which  is  divided  into  two  parts,  a 
caudal  recurved  cylindroid  and  a  larger  anterior  part  indented  by 
a  groove  from  which  the  head  emerges.  No  swelling  of  cephalic 
end,  no  moutli  sucker,  double  phaiynx.  Oesophagus  divides  into  two 
intestinal  coeca.    Genitalia  as  in  other  forms. 

Apparently  then  at  least  three  difi"erent  species  have  been 
known  by  the  same  name  but  it  seems  doubtful  that  new  generic 
names  should  be  established  on  such  slender  basis  as  stated  in 
Aeiola's  descriptions  and  1  prefer  to  class  all  three  as  Koellikeria, 
especially  since  other  species  of  this  genus  possess  mouth  suckers. 

Koellikeria  (Didymosoon)  scombri  Taschenbeeg. 

Body  elongated,  rounded  at  both  ends,  neck  only  slightly  nar- 
rower than  the  body.  Pharynx  spherical,  intestine  present.  Opening 
of  uterus  on  a  little  papilla  et  anterior  end  of  animal.  Length 
18  mm.     Cysts  on  the  gill  covers  of  Scomber  colias. 

K.  (D.)  pela^nydis  Taschenbeeg. 

Body  very  long,  slightly  narrowed  posteriorly  and  sharply 
pointed;  neck  thin,  head  widened,  spoon  shaped.  Pharynx  sphe- 
rical. Intestine  lacking.  Length  30  mm.  Cysts  between  gill  leaf- 
lets of  PeJamys  sarda. 

K.  (J).)  sphyraenae  Taschenbeeg. 

Body  short,  compressed,  rounded  posteriorly.  Neck  sharply 
marked  off  from  body;  head  very  little  broadened.    Pharynx  oval, 
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intestine  present.    Length  15  mm,  breadth  1,5  mm.    Cyst  under  the 
mucosa  of  the  mouth  of  Sphyraena  vulgaris. 

K.  (D.)  aiixis  Taschenberg. 

Body  long-  and  slender,  nearlj^  rectangular,  sometimes  folded  at 
the  margins.  Xeck  ver}'  sharply  marked  out  from  the  body,  thread- 
like. Pharynx  oval.  Intestine  lacking.  The  two  individuals  in  a 
cyst  grow  together  sometimes  through  the  union  of  anterior  and 
posterior  body  ends  into  a  ring.  Length  12  mm.  In  cj'sts  on  the 
outside  of  the  gill  leaflets  of  Anxis  rochei. 

K.  (D.)  serrani  Monticelli, 

"This  new  species  was  found  on  the  gills  of  a  Sen-anus  fim- 
hriatm  from  Madeira;  the  same  undescribed  species  I  have  frequently 
found  attached  to  the  gills  of  Sermnus  gigas  of  the  Gulf  of  Naples. 
At  present  I  give  only  a  figure  of  this  new  species  to  ensure  its 
recognition.  The  detailed  description  with  anatomical  remarks  will 
be  given  in  a  forthcoming  paper.  The  lengths  of  the  cysts  of  this 
new  species  are  6 — 10  mm." 

D,  serrani  is  the  first  species  of  this  genus  found  in  fish  of  the 
family  Percidae,  the  other  known  species  inhabiting  fishes  of  the 
families  ^'Scombridae  and  Sphyraenidae'". ') 

K.  (D.)  pretiosus  Ariola. 

A  single  cyst  found  on  the  gills  of  TInjnnns  vulgaris  contained 
two  equal  individuals.  Abdomen  long  flattened  and  ribbon-like,  as 
in  D.  sphyraenae  and  pelamydis.  There  is  a  quadrilateral  expansion 
at  the  union  of  neck  with  the  body.  Mouth  sucker  lacking.  Length 
11  mm  of  which  8  mm  belong  to  the  abdomen. 

K.  (D.)  micropterygi  Richiardi. 

This  paper  was  inaccessible  to  me  but  Ariola  states  that  the 
form  is  identical  with  his  Bidymostoma  hipartitum. 


1)  Such  characteristic  descriptions  form  the  source  of  the  confusion 
referred  to  above.  No  further  description  has  appeared  to  my  knowledge 
and  we  know  nothing  of  this  worm  —  not  even  whether  it  merits  a 
separate  specific  name  or  not. 
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K.  (B.)  exocoeti  Pakona  et  Perugia. 

This  paper  is  also  inaccessible  but  the  form  is  the  same  as 
Monostomum  filum  Duj.  and  lives  in  the  liver  and  in  the  eye  of 
Exocoetus  exiliens.  It  possesses  a  long  thread-like  bod}'  attached  to 
the  cyst  wall,  a  mouth  sucker  and  pharynx. 

K,  (D.)  henedenii  Monticelli. 

A  new  and  interesting  species  ot  BicUjmozoon  found  on  the  gills 
of  Orthagorisciis  probably  same  as  that  found  by  van  Beneden  but 
given  this  name.  Nothing  can  be  determined  of  the  nature  of  this 
worm,  especially  since  Maclaeen  who  thought  it  identical  with  his 
properly  described  Nematobothrium  molae  was  persuaded  by  Monti- 
celli that  it  was  a  different  worm.  At  any  rate  it  is  probably  a 
Nematohothrium. 

K.  (D.)  fdicolle  RuD.,  1819.     van  Beneden,  1858. 

Syn,  for  Distomum  fdicolle  van  Beneden,  Monost.  filicolle  Rud., 
D.  okenii  Koll.,  1849,  KolUJceria  fiUcoUe. 

Two  different  individuals  in  each  cyst  in  the  gills  of  Brama 
raja.  The  sac  is  not  reall}^  a  cyst  as  it  opens  into  the  branchial 
cavity.  One  individual  is  full  of  eggs,  the  other  thin  and  delicate. 
The  anterior  part  of  body  is  narrow,  slightly  swollen  anteriorly. 
Rest  of  body  very  large  and  rolls  on  itself.  Buccal  and  abdominal 
suckers  easily  recognized.  Intestine  bifurcated  —  between  the  coeca 
a  canal  which  opens  behind  the  buccal  bulb.  This  is  the  uterus 
partly  filled  with  eggs  and  convoluted  in  posterior  part  of  body. 
There  are  other  tubes  not  yellow  but  milk  white  all  belonging  to 
the  female  apparatus.  The  other  individual  is  like  this  in  the 
anterior  part  but  the  body  narrows  behind  and  is  elongated.  There 
is  a  long  tube  beside  the  intestine  but  no  eggs.  Probably  the  male 
organs  atrophy  in  one,  the  female  in  the  other.  Wagener  has  seen 
spermatozoa  and  eggs  in  the  same  individual  and  two  of  this  kind 
in  a  cyst.  There  are  worms  which  are  more  or  less  female  or  more 
or  less  male  (van  Beneden). 

K.  (D.)  tenuicolle  Rudolphi,  1819. 

Syn.  Monost.  tenuicolle  Rud.  Dist.  a f fine  Dies.  Dist.  decorynum 
Dies,  and  probably  Bidymosoon  lampridis  Lonnbeeg.     Woi'm  encysted 
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in  flesh  of  Lampris  guUaius  measuring  20  X  30  lines.  Neck  narrow. 
Abdomen  full  of  vessels  of  three  kinds  two  of  which  are  brown. 
The  drawings  which  R.  gives  make  it  clear  that  tliis  is  a  characte- 
ristic Didijmosoon. 

K.  (D.)  lampridis  Lonnberg. 

From  cj'Sts  in  gills  of  Lampris  guttatus.  Worm  30 — 35  mm  long 
paired  in  cysts  but  not  united.  There  is  a  mouth  sucker  instead  of 
a  pharynx  with  radiate  and  circular  muscle.  No  intestine  present, 
the  loss  of  intestine  and  weak  development  of  musculature  connected 
with  the  mode  of  life  in  cyst  (Braun). 

It  will  be  seen  that  in  no  single  instance  is  the  anatomy  of 
these  worms  at  all  completely  understood  but  the  external  characters 
are  such  that  it  seems  entirely  justifiable  to  range  them  in  one 
genus  —  KoelliJi-eria.  The  following  descriptions  of  other  species 
recently  met  with  may  throw  a  little  light  on  the  finer  structure 
and  the  relation  of  the  worms  to  the   allied   genus  Nejnatohothrmm. 

KoeUikeria  xiphiados  n,  sp. 

In  cutting  up  a  sword  fish  {Xiphias  gladius)  a  fisherman  at 
Woods  Hole  came  upon  several  cysts  embedded  in  the  muscles  behind 
the  gill  cavity  and  containing  large  rounded  masses  which  could  be 
easily  shelled  out.  He  shelled  out  all  of  them  and  mutilated  all 
but  two  so  that  the  relations  were  much  obscured,  but  in  the  material 
whicli  he  brought  to  the  laboratory  the  U.S.  Fish  Commission,  it  could  be 
seen  that  the  cysts  were  thick  walled  and  lined  with  a  smooth  white 
tissue.  They  measured  31  X  36  X  50  mm  and  two  of  them  which  lay  close 
together  had  a  common  partition  wall.  They  were  situated  just 
under  the  skin  of  the  host  the  most  distant  one  being  70  mm  from 
the  branchial  cavity.  From  each  there  ran  toward  the  gill  cavity 
a  cord  made  up  of  blood  vessels  which  extended  into  the  C3^st  and 
into  relationship  with  the  enclosed  parasite  in  a  peculiar  way. 
There  was  no  evident  opening  in  the  cyst  wall  through  which  communi- 
cation with  the  outside  could  be  established.  The  contents  of  the 
cysts  were  rounded  or  ovoid  masses  covered  with  a  very  thin,  white 
wrinkled  or  smooth  velvety  membrane  which  ruptured  at  the  sligh- 
test touch  showing  the  parasite  to  be  made  uj)  of  irregularly 
triangular  or  wedge  shaped  lobules  connected  at  the  center  by  their 
apices.    Into  this  mass  there  penetrated  in  every  direction  the  vas- 
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cular  film  supplied  with  the  arterial  blood  of  the  host  through  the 
cord  described  and  drained  by  the  vein  of  the  same  cord.  This 
arrangement  is  almost  like  the  vascular  stroma  of  a  tumor  or  like 
the  circulation  supplied  to  the  foetus  inasmuch  as  it  evidently  main- 
tains the  nourishment  of  the  parasite. 

The  ovoid  worms  measured  24  ><  28  X  40  m.  There  were  in  all 
five  of  them  although  one  was  reduced  to  a  hardened  brown  shrunken 
mass  which  proved  later  to  contain  many  recognisable  eggs  although 
the  rest  of  the  body  was  shrunken  into  a  sort  of  mummified  form. 
Otherwise  they  were  all  alike  in  form.  Whether  they  lay  two  in 
a  cyst  or  alone  cannot  be  stated  with  certainty.  On  attempting  to 
make  out  something  of  the  structure  of  the  animal  it  was  found 
almost  impossible  to  avoid  tearing  the  fragile  skin  which  formed 
the  smooth  outer  surface  and  thus  allowing  the  segments  to  pull 
apart.  However,  as  will  appear,  these  segments  are  not  all  of  the 
same  size  and  are  not  all  continuously  connected  in  the  interior 
of  the  worm.  Instead  the  vascular  membrane  entering  between 
them  at  one  point  spreads  out  from  the  middle  to  lie  in  crevices 
among  them  in  every  possible  direction.  Any  section  of  the  mass 
shows  these  spaces  containing  a  filmy  connective  tissue  carrying  the 
blood  capillaries  of  the  host. 

At  about  that  central  point  one  may  discover,  by  separating 
the  segments,  a  small  pointed  white  teat-like  projection  not  more 
than  5  mm  in  length  w^hich  proves  to  be  the  head.  Ordinarily  it 
is  quite  hidden  down  among  the  voluminous  masses  (of  the  body, 
and  whether  it  can  stretch  out  so  as  to  appear  outside  the  sphere 
is  difficult  to  say. 

Little  could  be  made  out  of  the  structure  of  the  worm  except 
by  means  of  serial  sections  since  the  tissues  were  so  excessively 
delicate  and  at  the  least  touch  ruptured  to  flood  everything  with 
eggs  which  appeared  like  yellow  paint,  so  fine  and  so  adherent 
they  are. 

A  whole  worm  was  embedded  in  celloidin  and  cut  into  thick 
serial  sections  wiiich  gave  the  topography  of  the  internal  organs. 
From  another  thin  sections  were  made  in  various  situations  and  the 
head  was  separated  and  cut  into  serial  sections.  From  all  these  it 
was  determined  that  the  following  conditions  exist: 

The  pointed  head  and  neck  measure  5  X  14  mm  and  therefore  do 
not  form  an  elongated  filiform  structure  such  as  has  been  described 
in  other  forms.    At  the  base  this  neck  spreads  out  into  the  lobu- 
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latioiis  of  the  bodj'  which  rise  up  all  round  it  so  as  to  hide  it 
from  view. 

At  the  extreme  point  there  can  be  seen  an  indefinite  rounded 
mass  which  shows  some  muscle  fibers  and  which  is  apparently  the 
representative  of  a  mouth  sucker  or  pharynx.  No  distinct  openin.^ 
can  be  seen  and  no  definite  vestige  of  an  oesophagus  or  intestinal 
tract  can  be  traced  away  from  it.  Somewhat  lower  in  the  neck 
there  is  a  faint  outline  of  a  tube  which  bifurcates  and  which  in 
its  turn  may  be  the  remnant  of  a  digestive  tract  but  no  connections 
could  be  shown. 

On  the  other  hand,  the  uterus  and  vas  deferens  are  extremely 
prominent  and  open  together  at  a  point  beside  the  muscular  mass. 

The  uterus  is  thick  walled  and  muscular  and  somewhat  coiled 
even  in  the  neck  —  it  continues  back  into  the  root  of  the  neck  and 
disappears  into  one  of  the  lobes  of  a  body  where,  becoming  wider 
and  thinner  walled  it  extends  continuously  through  all  the  lobes  to 
its  origin  in  a  small  isolated  lobule  situated  rather  near  the  neck 
at  the  junction  of  the  lobes. 

Throughout  part  of  the  lobulations,  although  apparently  not  all 
of  them,  there  runs  the  long  tubular  ovary.  Careful  study  has  been 
made  to  determine  whether  this  tube  branches  into  any  of  the  lobes 
or  runs  continuously  as  one  tube.  In  one  place  near  the  entrance 
into  the  uterus  it  seemed  that  it  was  joined  by  a  branch  but  this 
is  uncertain.  Everywhere  it  has  the  appearance  of  being  a  single 
continuous  tube.  The  same  things  are  true  of  the  narrow  tubular 
vitellarium  which  takes  little  of  the  blue  nuclear  stain  but  has  its 
own  brown  color.  This  courses  through  many  lobes  but  is  probably 
one  continuous  tube.  It  meets  the  ovary  and  gives  rise  to  a  single 
tube  which  after  several  convolutions  during  which  it  is  thickly 
surrounded  bj'  the  shell  gland  becomes  the  beginning  of  the  uterus. 
There  is  no  evident  receptaculum  seminis.  The  shell  gland  forms 
a  relatively  large  mass  ot  radially  arranged  cells  and  from  it  the 
uterus  runs  back  to  enter  one  of  the  general  lobes.  The  lobule  in 
which  the  shell  gland  lies  and  in  which  this  junction  of  the  various 
canals  occurs  contains  no  other  organs  and  is  rather  separated  from 
the  rest  although  continuous  with  them  at  either  end.  Its  skin  is 
very  much  corrugated.  The  uterus  in  its  main  i)ortion  is  thin 
walled  and  distended  with  iiuge  numbers  of  eggs  which  are  yellow 
and   rounded  and  measure  0,06  mm  in  diameter. 

Tlie  vas  deferens  which  opens  at  the  termination  of  the  pointed 
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head  without  any  special  muscular  reinforcement  is  convoluted  and 
rather  bulbous  in  this  part ;  posteriori}'  it  divides  into  two  branches 
which  extend  into  two  of  the  lobes  and  expand  into  plicated  sacs 
—  the  testes.  Not  all  the  lobes  contain  testicular  material  and  in 
the  two  which  do  the  organ  is  evidentlj'  a  continuous  tubular  sac. 
Spermatogenesis  may  be  observed  very  clearly  in  all  stages. 

No  excretory  system  could  be  clearly  traced  although  there  are 
many  thin  walled  spaces  and  canals  which  doubtless  have  this 
function.  Practically  no  musculature  is  found  anywhere  in  the 
body  except  in  the  walls  of  the  uterus.  The  whole  mass  is  composed 
of  a  soft  watery  parenchyma  of  large  cells  and  large  spaces  con- 
densed into  a  firmer  sort  of  connective  tissue  in  the  central  mass 
where  the  lobules  are  held  together.  The  skin  is  delicate  and 
unarmed  but  provided  with  the  usual  cuticular  cells. 

It  is  most  difficult  of  all  to  understand  how  the  body  acquired 
this  peculiar  shape  and  indeed  to  learn  precisely  what  the  relation 
of  the  parts  is. 

It  was  stated  that  the  outer  surface  looked  smooth  and  relatively 
white  but  that  it  readily  cracked  and  fell  apart  revealing  lobules. 
In  section  it  is  seen  that  the  outer  covering  is  not  continuous  over 
a  smooth  surface  but  that  while  it  covers  several  lobulations  it  dips 
down  between  the  main  ones.  Then,  too,  a  quite  similar  cuticular 
covering  is  found  upon  lesser  lobulations  which  are  hidden  in  the 
main  mass  and  upon  the  inner  side  of  the  various  parts  which  go  to  make 
up  the  main  lobulations.  It  is  as  though  there  were  many  folds  or  lobules 
which  had  fused  in  groups  wherever  they  presented  externally  so 
that  while  over  their  outer  surface,  skin  and  parenchyma  became 
continuous  the  inner  parts  remained  discrete  each  covered  there 
with  skin  so  that  a  whole  series  of  little  crevices  or  caverns  arose 
between  these  lobules  roofed  over  by  the  fused  outer  part.  It  is 
into  these  crevices  everywhere  that  the  vascular  film  from  the  host 
finds  its  way  and  brings  nutriment  and  oxygenation. 

But  all  the  lobules  seem  to  fuse  togetlier  at  the  centre  into  a 
sort  of  common  core  of  denser  tissue  into  which  the  vasa  deferentia 
and  the  uterus  run  to  enter  the  neck.  The  mass  which  contains 
the  shell  gland  and  the  connection  of  ovary,  vitellarium  and 
uterus  lies  in  this  central  part  and  indirectly  connected  with  the 
central  core. 

It  will  be  seen  from  this  necessarily  imperfect  description  that 
this  worm  diff'ers   in  several   respects  from  those  already  described. 
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It  is  lodged  in  cj'sts  embedded  deep  in  the  muscles  and  not,  as 
in  most  other  cases  in  relation  with  the  gills.  It  is  definitely 
hermaphrodite  both  male  and  female  organs  being  well  developed. 
Whether  two  worms  or  only  one  live  in  each  cyst  we  cannot  state 
with  absolute  certainty  since  all  Avere  turned  out  of  the  cysts  by 
the  fisherman  w'ho  could  give  no  precise  information  about  it.  From 
measurements  it  would  seem,  however,  that  two  of  the  worms  might 
have  been  accomodated  in  each  cyst. 

The  neck  is  remarkably  short  and  practically  no  trace  of 
suckers  nor  of  digestive  tract  remains.  The  peculiar  invasion  of  all 
the  interlobular  crevices  by  a  vascular  film  from  the  host  is  similar 
to  that  seen  in  the  form  of  Nematobothrium  to  be  described  and  in 
another  form  of  Koellikeria.  It  probably  occurs  generally  although 
it  is  rarely  mentioned.  Similarly  the  reniform  or  bean  shaped  body 
so  commonly  found  might  prove  to  show  lobulations  such  as  are 
seen  here,  if  carefully  studied.  From  the  arrangement  of  the  uterus, 
ovary,  vitellarium  etc.  it  seems  probable  that  this  curious  form  is 
in  this  case  at  least  not  due  to  the  mere  swelling  of  the  posterior 
end  of  the  body  but  rather  to  the  complicated  coiling  into  a  compact 
mass  of  what  was  originally  a  greatly  elongated  body  with  secon- 
dary fusions  such  as  to  consolidate  the  whole  into  a  compact  mass 
and  even  weld  together  the  outlying  parts  into  a  smooth  surface. 
The  form  next  to  be  described  from  Haemulon  presents  a  similar 
process  in  a  simpler  stage. 

How  the  eggs  escape  from  these  cysts  to  the  outer  world  is  a 
problem  which  we  cannot  solve  with  the  facts  at  our  disposal.  From 
somewhere  near  the  branchial  cavity  a  cord-like  band  was  traced 
through  the  muscles  to  each  cyst  and  this  cord  was  found  on  section 
to  contain  a  large  artery  and  several  veins  which  supply  blood  to 
the  film  described  as  penetrating  the  crevices  of  the  worm.  The 
suggestion  has  been  made  that  some  channel  might  exist  along  this 
cord  through  which  the  neck  of  the  worm  could  extend  to  discharge 
eggs  or  through  which  the  eggs  themselves  might  pass  into  the 
branchial  cavity,  but  no  such  canal  w^as  demonstrated.  One  specimen 
was  found  dried  up  into  a  mummified  mass  in  which  eggs  were 
recognisable  and  this  has  also  been  observed  in  another  form.  It 
seems  possible,  therefore,  that  sometimes  the  eggs  may  never  escape 
unless  the  host  dies  and  disintegrates,  when  they  may  pass  into 
some  intermediate  host. 

Diagnosis:  Koellikeria  xiphiados.  Large  worms  found  encysted 
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in  muscles  of  Xiphias  gJadius.  Neck  short,  suckers,  pharynx  and 
digestive  tract  practically  absent.  Uterus  and  vas  deferens  open 
together  at  cephalic  extremity.  Body  forms  a  lobulated  mass  with 
extensive  fusion  of  lobules.  Nutritive  vascular  film  from  host 
extending  everywhere  among  these  lobules.  Eggs  innumerable  round 
and  yellow.  Shell  gland  bulky.  No  receptaculum  seminis.  Dimen- 
sions 40  X  28  X  24  mm. 

KoeUikeria  sconiberoniori  u.  S2). 

On  October  1,  1911  there  were  found  in  the  stomach  of  the 
Spanish  Mackerel  {Scomberomorus  maculahis)  5  worms  4  of  which 
were  loose  while  1  lay  in  a  cavity  or  cyst  in  the  wall  of  the 
stomach  from  which  it  could  be  pulled  out.  These  were  kidney 
shaped  and  measured  1,75  X  1.08  mm  with  a  slender  neck  which 
protruded  0,12  mm.  No  exact  study  could  be  made  since  none  of 
the  worms  were  cut  into  sections,  but  coils  of  the  uterus  full  of  eggs, 
the  tubular  ovary  and  vas  deferens  could  be  seen  shining  through 
the  body  wall.    The  ova  measure  0,014  X  0,01  mm. 

In  the  very  delicate  neck  the  uterus  and  the  vas  deferens  can 
be  seen  extending  quite  to  the  tip  of  the  cephalic  extremity.  There 
is  a  small  muscular  mouth  sucker  and  a  very  definite  muscular 
pharynx  there  but  no  alimentary  tract  could  be  definitely  made  out. 

Further  study  of  this  parasite  will  be  necessary  when  better 
material  is  obtained  before  its  systematic  position  can  be  more  defini- 
tely established  but  there  seems  no  question  of  its  belonging  to 
this  genus  and  its  size  and  shape  and  the  form  of  the  neck,  which 
shows  no  cephalic  enlargement,  seem  sufficient  to  distinguish  it  from 
any  of  the  described  forms. 

In  the  same  fish  there  were  found  on  another  occasion,  August  15, 
1912,  four  small  pear  shaped  cysts  of  a  bluish  or  lead  color  firmly 
attached  to  the  gill  filaments.  They  measured  5X3  mm  and  at 
the  center  of  the  larger  end  there  could  be  seen  a  small  dark  spot 
which  seemed  to  be  an  opening.  On  teasing  out  the  contents  of 
one  cyst  it  was  found  to  contain  two  worms  of  an  orange  color  with 
much  black  material  in  several  parts  of  the  body.  Serial  sections 
showed  the  cysts  to  be  very  thick  walled  and  the  contents  to  be 
almost  entirely  necrotic  and  loaded  with  black  pigment.  Many  eggs 
of  oval  form  measuring  0,01  mm  could  be  seen  but  no  outlines  of 
the  organs  remained  visible.  In  this  case  we  venture  nothing  fur- 
ther but  await  more  material  for  a  more  satisfactory  study.    The 
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parasite  is  probably  a  dilterent  form  from  that  which  we  have  named 
K.  sconiberomori. 


Koellikerla  haeniuli.  n,  sp. 

On  the  pseudobranchs  oi  Haemulon  flavolineatum  (Yellow  Grunt) 
there  were  found  (New  York  Aquarium)  two  reddish  prominent 
masses  which  measured  about  6X^X2  nim  and  which  were  inti- 
mately attached  to  the  underlying  bony  tissues.  In  removing  them 
they  "were  unfortunately  somewhat  torn  so  that  certain  imperfec- 
tions appeared  later  in  the  serial  sections.  Surrounded  tightly  by 
a  fibrous  capsule  the  enclosed  worm  was  not  to  be  everted  but 
seemed  rather  to  be  embedded  in  a  meshwork  of  fibrous  partitions. 
Many  elliptical  yellow  eggs  were  sifted  off  from  the  torn  surface 
and  these  were  found  to  measure  0,2  X  0,15  mm.  Since  it  was 
impossible  to  isolate  the  worms  one  cannot  give  an  accurate  im- 
pression of  their  external  form  but  from  a  reconstruction  of  the 
serial  sections  its  appears  as  though  a  very  much  elongated  cylin- 
drical worm,  or  more  probably  two,  were  coiled  together  in  loops 
and  irregular  twists,  invested  everywhere  with  the  tissues  of  the 
host  and  in  many  places  adherent  or  even  partly  fused  together. 
This  idea  although  not  absolutely  proven  is  supported  by  the  fact 
that  each  loop  or  fold  in  every  section  contains  one  cross  section 
of  each  canal  represented  and  further  by  the  fact  that  one  may 
trace  any  canal  such  as  the  uterus  through  fold  after  fold  in  suc- 
cession. 

Two  of  the  encapsulated  masses  were  found  and  cut  into  serial 
sections.  They  differ  somewhat  in  structure  but  are  unquestionably 
of  the  same  species.  The  difference  in  structure  depends  upon  the 
fact  that  in  one  mass  the  female  organs  of  reproduction  are  most 
conspicuous  while  in  the  other  the  male  organs  overshadow  the 
female.    Elements  of  both,  however,  are  present  in  each  case. 

In  such  a  complex  tangle  it  was  essential  to  determine  first 
whether  two  worms  were  concerned  in  each  mass  or  only  one,  and 
even  now  after  the  most  painstaking  study  of  these  two  series  we 
are  not  absolutely  certain,  chiefly  on  account  of  the  imperfection  of 
tlie  specimens  but  partly  on  account  of  the  extreme  intimacy  of 
adhesion  of  the  folds  which  obscures  the  outlines. 

In  the  first  series  only  one  head  has  been  found  with  terminal 
pharyngeal    bulb,   oesophagus    and   uterine   orifice.    In   tlie   second 
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series  a  quite  similar  narrow  prolongation  was  found  with  uterus, 
intestinal  coeca  etc.  but  the  end  was  broken  oft'  before  the  actual 
head  was  reached.  Nevertheless  the  structure  was  so  similar  to 
that  of  the  head  in  the  other  series  that  there  seems  no  doubt  that 
this  is  the  head  of  one  worm.  In  this  second  series  another  head 
was  found  with  pharyngeal  bulb,  oesophagus  and  a  strongly  developed 
vas  deferens  filled  with  spermatozoa.  Two  worms  exist,  therefore, 
in  the  second  series:  possibly  only  one  in  the  first.  The  series  will 
be  described  separately. 

The  first  series:  The  head  and  neck  are  extremely  slender  and 
tapered  anteriorly.  Where  the  neck  passes  into  the  general  tangle 
of  folds  of  the  body  it  becomes  much  wider  and  quite  dense  in 
structure.  The  mouth  is  terminal,  guarded  by  no  sucker  but  opening 
directly  into  an  elliptical  pharyngeal  bulb.  From  this  the  oesophagus 
runs  a  short  way  and  bifurcates  into  narrow,  very  thinwalled 
intestinal  coeca  which  run  far  back  into  the  body  of  the  worm  but 
do  not  branch  again.  The  uterus,  which  is  extremely  narrow  at  its 
termination,  opens  just  behind  the  pharynx.  In  the  neck  it  is  very 
muscular  and  this  thick  wall  can  be  traced  far  back  into  the  body. 
No  trace  of  the  vas  deferens  can  be  seen  there.  A  short  way 
behind  the  bifurcation  of  the  intestine  there  is  a  minute  but  quite 
distinct  ventral  sucker.  This  is  almost  embedded  in  the  parenchyma 
but  does  not  open  on  the  surface.  It  is  extremely  weak  and  small 
and  is  rather  indistinctly  outlined. 

The  nervous  system  is  visible  in  its  coarser  features  in  the 
form  of  the  usual  pair  of  ganglia  about  the  oesophagus.  The 
excretory  system  in  the  form  of  one  or  two  thinwalled  tubes  appears 
in  the  neck  and  courses  through  the  rest  of  the  body. 

The  main  bulk  of  the  worm  is  occupied  by  the  female  organs 
of  generation  which  are  arranged  as  follows.  Extending  back  from 
the  anterior  orifice  the  uterus  widens  and  courses  along  through 
every  fold,  twisting  and  turning  so  that  in  some  places  it  is  cut 
two  or  three  times,  in  others  only  once.  It  runs  back  through  the 
whole  body  once  as  a  rather  straight  tube  exactly  as  in  Nemato- 
hothriuni  sardae  and  then  in  coils  comes  forward  again.  At  one  point 
in  the  body  all  the  uterine  coils  are  pushed  aside  by  the  great  mass 
of  the  shell  gland  and  within  this  there  takes  place  the  union  of 
the  portions  of  the  reproductive  system.  The  ovary  which  is  long 
and  cord-like  lies  in  the  anterior,  part  of  the  body.  The  vitellarium, 
also  long  and  cord-like  or  tubular,  extends  through  the  posterior  part. 
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Tliej'  meet  almost  at  a  point  in  a  thickwalled  tube  in  the  midst 
of  the  shell  gland  from  which  starts  the  narrow  uterus.  No  recep- 
taculum  seminis  nor  Laueer's  Canal  could  be  found.  At  first  the 
eggs  in  the  uterus  take  a  bluish  stain  and  this  continues  for  some 
distance  finally  giving  place  to  the  more  mature  ones  with  thick 
3'ellow  shell.  It  may  be  remarked  that  in  this  worm  the  large  mass 
of  radiating  cells  which  forms  the  shell  gland  occupies  the  whole 
width  of  one  loop  of  the  worm  and  is  very  conspicuous.  It  is 
traversed  also  bj'  one  strand  of  the  mid  portion  of  the  uterus  and 
by  a  canal  which  seems  to  belong  to  the  excretory  system.  It  is 
curious  that  the  portion  of  the  body  just  behind  this  through  which  the 
beginning  of  the  uterus  courses  from  the  shell  gland  contains  in 
addition  only  the  straight  strand  of  the  uterus  and  one  of  the 
vitellarium.  It  leaves  the  general  mass  of  loops  and  after  a  little 
returns  again  and  enters  into  their  midst. 

In  the  more  anterior  part  of  the  body  there  are  masses  of 
testicular  substance  but  theier  outline  is  very  indefinite  and  diffi- 
cult to  trace.  No  vas  deferens  can  be  found  and  although  there  are 
certain  loops  whose  content  seems  to  be  chiefly  testicular  tissue, 
which  project  from  the  inner  surface  of  the  mass  it  is  impossible 
to  reconstruct  these  organs  clearlj\  Since  little  slender  masses  con- 
taining this  tissue  alone  project  sometimes  from  the  edge  of  the 
section  one  gains  the  impression  that  they  may  be  part  of  another 
worm  with  essentially  male  characters  but  no  attempts  to  trace  these 
were  successful  in  anything  more  than  losing  them  in  the  general 
mass  —  nor  was  a  second  head  discoverable. 

On  the  whole,  then,  in  this  mass  was  found  a  tangled  coiled 
worm  with  highly  developed  female  organs  of  reproduction  opening 
near  the  mouth  and  ill  defined  testicular  structures  without  recognis- 
able connections.    No  second  worm  could  be  definitely  made  out. 

In  the  second  series  the  general  appearance  is  at  first  sight  the 
same.  Abundant  coils  are  seen  to  contain  wide  uterine  canals  filled 
with  eggs  and  strands  of  the  ovary  and  vitellarium  but  even  the 
most  careful  search  fails  to  reveal  the  mass  of  the  shell  gland  which 
is  so  conspicuous  a  feature  of  the  contents  of  the  other  mass.  On 
the  other  hand  the  testicle  is  extremely  well  developed  and  sharply 
outlined  and  the  vas  deferens  with  its  connection  becomes  very  con- 
spicuous. 

Beginning  in  the  mass  of  coils  most  distal  from  the  broad 
attachment  of  the  cyst   is  a   distinct  head  closely  resembling  that 
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seen    in    the    first    mass    in    that   the   mouth   opening-   is   terminal 
guarded   by   a   pharyngeal   bulb   and   extending   into  a  short   oeso- 
phagus  which   quickly   bifurcates.     The   nervous   ganglia   are  very 
distinct  and  at  their  level  just  behind  the  pharynx  is   the   opening 
of  the  vas  deferens  which  is  not  provided  with  any  especially  mus- 
cular cirrhus.    Traced  back  through  the  neck  of  the  worm  the  vas 
deferens   continues   as   a   thickwalled   tube   and   is  spirally  twisted. 
No  uterine  canal  is  visible.     No  abdominal  sucker  is  found  although 
an  indefinite  pink  staining  mass  with  numerous  scattered  nuclei  is 
visible   at  about  the   point  where  it  was  found  in  the  other  worm. 
After  a  quite  long  course  during  which  it  passes  back  into  the  cen- 
tral part  of  the  tangled  coils  without  showing  any  evidence  of  the 
presence   of  an   accompanying  uterus,  there  appears  a  lateral  pear 
shaped  sac  which   is   filled   with   spermatozoa   and   which   from  its 
connection   with   the   vas   deferens   must   be   regarded  as  a  seminal 
vesicle  or  reservoir.    From  that  point  the  vas  deferens  becomes  con- 
nected with   the  abundantly  folded  and   convoluted  testis.    It  has 
not  been  possible  to  make  out  with  certainty  whether  in  each  worm 
all  these  testicular  masses  are  connected.     In  the  other   cyst   there 
w^ere   numerous   disconnected   masses.     In  this   one  those  connected 
with   the  vas   deferens  appear  to  be  continuous  but  other   separate 
testicular    masses    appear  in   the   field   of  the   microscope   in  other 
coils  and  probably  belong  to  the  second  worm  entangled  in  this  mass. 
At    the    other   edge    of   the   section,    that    is    in    the    area    of 
attachment  where  the  W'Orm  was  somewhat  torn  there  is  a  neck-like 
elongated  structure  containing  the  muscular  uterus  and  two  intestinal 
canals.     This   was   broken  before  the  extremity  was  reached  but  it 
corresponds  exactly  with  the  neck  found  in  the  first  cyst  and  must 
be  regarded  as  belonging  to  a  second  head.    The  uterus  is  muscular 
and   can   be   traced   back   as   a  thickwalled  tube  through  coil  after 
coil  in   the  main  mass.    It  is  full  of  eggs.     No  vas  deferens  is  found 
in   this   prolongation   nor  any   ventral   sucker.     Probably,   however, 
this   latter   would   have    been   in   the   part   which   was   broken   off. 
The  rest  of  the  coils  which  seem  to  belong  to  this  head  contain  the 
large   uterus   with  many  eggs,  ovaries  and   vitellarian  cord  but  as 
mentioned  before   no   definite   shell   gland   nor   any   place  at  which 
these  canals  form  a  conspicuous  union  could  be  found  although  the 
whole   series   was   searched   carefully.     Such   a   connection  must  be 
present  but  it   must   be  v^ery  ditterent  from  that  seen  in  the  other 
mass  for  otherwise  it  could  not  possibly  escape  attention. 

Zool.  Jahrb.  XXXIX.    Abt.  f.  Syst.  11 


158  G-  A.  and  W.  G.  MacCallum, 

From  all  this  it  is  seeu  that  peculiar  conditions  prevail  in  this 
species.  The  worm  is  a  cylindrical  elongated  form  which  is  coiled 
abundantly  in  a  meshwork  of  connective  tissue.  In  one  specimen 
tliere  is  a  pair,  in  the  other  as  far  as  we  can  see  only  one  individual. 
The  single  individual  is  a  well  developed  female  with  obsolescent 
male  organs.  In  the  pair  there  is  one  with  very  distinct  and 
highly  developed  male  characters  and  obsolete  if  any  female 
characters,  and  another  with  rather  poorly  developed  female 
characters  and  obsolescent  testicular  masses  without  any  trace  of 
vas  deferens. 

The  name  Koellikeria  is  retained  for  this  transitional  form, 
although  apparently  the  worm  is  even  more  closely  allied  to  the 
genus  Neinatobothrium  than  to  the  genus  Koellikeria  if  one  may 
judge  from  its  body  form  and  from  the  arrangement  of  its  organs 
which  is  precisely  that  of  the  Nematohothrium.  It  furnishes  an 
especially  brilliant  example  of  the  degeneration  and  disappearance 
of  organs  under  peculiar  conditions  of  life  and  possibly  represents 
a  transition  toward  the  monoecious  state. 

How  cross  fertilization  has  occurred  in  these  specimens  it  is 
difficult  to  surmise  for  the  efficient  male  is  enclosed  in  a  cyst  at  a 
distance  from  the  efficient  female  and  has  only  a  rudimentary  female 
in  the  same  cyst  to  fertilize  while  the  female  is  isolated  except  for 
its  own  rudimentary  male  apparatus. 

The  wall  of  the  cyst  is  more  fibrous  and  less  vascular  than 
i\\?ii  oii\v^  Nematohothrmm  sardae;  nevertheless  there  are  bands  and 
filaments  of  highly  vascular  character  which  run  between  the  coils 
and  doubtless  supply  them  with  nourishment.  No  distinct  opening 
for  egress  of  eggs  etc.  could  be  made  out,  but  this  point  must  be 
restudied  when  fresh  material  is  found  and  sectioned  without  tearing 
of  the  attachment.  Still  the  head  bearing  the  opening  of  the  vas 
deferens  lies  just  under  the  perfectly  intact  outer  wall  of  the 
capsule  as  though  at  least  its  projection  through  any  external  opening 
was  unnecessary  and  further  tlie  fact  that  tlie  opposite  side  of  the 
mass  where  both  the  heads  containing  the  uterine  openings  lie  is 
the  side  of  firm  attachment  to  the  bone  so  that  it  seems  extremely 
unlikely  that  any  opening  occurred  tiiere.  The  escape  of  eggs  to 
the  outer  world  must  therefore  in  all  pi'obability  be  thiough  rupture 
of  the  cyst  or  its  digestion  after  the  death  of  the  fish  by  some 
intermediate  host. 
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Genus  Ne^natohothriuni  van  Beneden  1858. 

The  genus  Nematobothrium  established  by  van  Beneden  contains 
up  to  the  present  only  3  species  if  we  except  the  forms  henedenii  and 
taenioides  of  Monticelli  which  have  been  referred  to  Didijmozoon. 
These  latter  worms  are  merely  mentioned  and  nowhere  described 
in  detail  so  that  it  is  impossible  to  determine  their  exact  position. 
Stossich  who  has  studied  B.  taenioides  describes  it  as  follows :  body 
very  long,  cylindrical,  tapering  toward  the  anterior  part.  The  pharynx 
is  small,  subglobose  and  provided  with  a  very  long  narrow  oeso- 
phagus which  divides  into  two  narrow  intestinal  coeca.  The  uterus 
opens  anteriorly  at  the  extremity  of  a  little  prominence  near  the 
cephalic  end  of  the  body  and  contains  thousands  of  very  small  eggs 
with  thick  smooth  shell  of  a  deep  yellow  color.  It  forms  cysts, 
sometimes  quite  voluminous,  in  the  muscles  of  Orthagoriscus  mola. 
The  figure  shows  no  ventral  sucker.  This  description  seems  to 
apply  rather  better  to  a  member  of  the  genus  JSematobothrium  than 
to  a  Bidymosoon  even  though  Monticelli  definitely  decides  upon 
the  latter  designation. 

The  3  species  which  are  rather  more  clearly  described  are  N. 
fdarina  van  Beneden,  N.  guernei  Moniez  and  N.  molae  of  Maclaeen 
but  these  descriptions  too  leave  much  to  be  desired. 

Nematobothrium  fdarina  found  lodged  in  cysts  in  the  thickness 
of  the  skin  of  the  branchial  cavity  at  the  shoulder  girdle  in  Sciaena 
aqiiila  is  described  by  van  Beneden  as  a  worm  1  metre  long.  It  lives 
in  pairs  tangled  together  in  the  cavity  of  the  cyst  which  has  no 
connection  with  the  outside.  The  body  is  long,  round,  soft  and 
folded  with  no  segmentation.  It  is  not  free  in  the  cyst  but  lodged 
in  a  mantle  which  clings  tightly.  At  one  end  there  is  an  excavation 
which  is  not  a  sucker;  at  the  other  end,  which  is  more  truncated, 
there  is  also  an  excavation  of  diiferent  form.  There  is  no  ventral 
sucker.  No  trace  of  intestinal  canal  could  be  found,  but  it  is  thought 
that  it  may  have  existed  before  the  great  development  of  the 
genitalia  and  disappeared  as  in  Filaria  medinensis,  Gordius  and 
Bistomum  fdicolle.  Generally  there  are  two  worms  enlaced,  recalling 
Bistomum  filicolle,  the  thickest  being  rolled  round  the  slender  one 
which  has  less  numerous  eggs  which  are  not  yellow  like  the  egg& 
of  the  larger  one.  There  is  a  large  tube  with  contractile  walls 
ending  blindly  and  disappearing  in  contraction.  It  must  be  the 
excretory  canal   and   permits   one   to   distinguish  the  posterior  end. 
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The  anterior  end  is  pointed  and  very  mobile.  No  buccal  orifice  is 
recoo:nisable.  Another  tortuous  canal  is  filled  with  eggs.  The  ovary 
oviduct  or  uterus  is,  a  single  long  tube  making  four  or  five  turns 
through  the  body,  all  full  of  eggs  which  distend  the  body  in  part 
of  its  length.  Eggs  very  small,  oval,  yellow  and  extremely  numerous. 
They  often  contain  an  embryo  bent  on  itself. 

N.  guernei  was  found  by  Moniez  attached  by  one  or  both  ex- 
tremities in  the  muscles  of  the  inferior  maxilla  of  Thynnus  alalonga 
the  rest  of  the  body  being  free.  In  another  case  they  were  free 
in  the  intestine  or  caught  in  the  mucosa,  and  in  still  others  encysted 
in  pairs  on  the  gills  in  cysts  about  the  size  of  a  pea  or  bean.  Those 
in  the  muscles  measured  30—50  cm  in  length,  the  body  elongated, 
striated  almost  as  though  segmented,  sometimes  round,  sometimes 
flattened.  There  is  a  large  tube  opening  posteriorly  and  stretching 
through  the  whole  body  and  seeming  to  open  anteriorly  in  the 
mouth  with  walls  like  those  of  the  digestive  tube  of  a  nematode. 
Anteriorly  there  are  two  distinct  sexual  orifices  superposed,  a  "poche 
peniale"  prolonged  by  a  spermiduct  which  separates  into  two  immense 
testicular  tubes.  From  the  vaginal  orifice  goes  an  extremely  long 
folded  oviduct  which  prolongs  itself  into  an  ovary  of  the  same 
general  character.  The  water  vascular  system  opens  at  the  posterior 
extremity  and  is  prolonged  as  a  thick  walled  tube  without  rami- 
fications to  the  anterior  part  of  the  body.  No  other  organs  were 
discoverable.  Moniez  thinks  it  possible  that  the  smaller  worms 
(3_15  cm)  which  were  found  in  the  intestine,  the  encysted  and  the 
intramuscular  forms  may  represent  alternations  of  generations. 

JSl.  molar  is  described  by  Maclaken  from  the  gills  of  Ortha- 
gorisms  mola  where  it  occurs  encysted  in  pairs.  It  resembles  IS:. 
fUarina  closely  except  in  the  possession  of  a  small  ventral  sucker. 
The  worm  is  7  cm  long  by  2  mm  in  thickness,  soft  irregular  in 
form  with  a  threadlike  anterior  portion  and  a  blunter  posterior  end. 
The  mouth  at  the  anterior  end  opens  directly  into  the  phai-ynx 
without  a  sucker.  The  genital  opening  lies  on  a  prominent  ventral 
l)apilla  about  0,6  mm  from  the  mouth.  The  body  is  enveloped  in 
a  thin  sheath.  There  is  a  rather  long  oesopiiagus  which  divides 
into  two  short  intestinal  coeca  lined  with  peculiar  amoeboid  cells. 
The  excretory  canal  is  a  single  inegular  canal  opening  posteriorly 
and  bifurcating  anteriorly  at  the  level  of  the  ventral  sucker.  There 
are  two  testes  of  long  tortuous  tubular  form  stretching  through 
the  body  which   taper   into  vasa  deferentia   and   unite   into   a  hul- 
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)ous  seminal  reservoir.  There  is  no  definite  penis  although  the  end 
lortion  of  the  canal  may  be  everted.  The  long  tubular  ovary  twists 
hrough  the  whole  body.  Its  connection  with  the  uterus  was  not 
een.  The  uterus  is  a  roomy  canal  which  runs  in  loops  through  the 
linder  part  of  the  body  turning  forward  to  open  directly  behind  the 
iiale  opening.  Enormous  numbers  of  eggs  are  found  in  it.  The 
ipe  eggs  measure  0,02  X  0,015  mm  and  are  without  filament, 
'wo  tubular  vitellaria  accompany  the  testes  and  uterus  in  their 
s'indings. 

Maclaeen  restates  the  diagnosis  of  the  genus  NematobotJiriutn 
AN  Beneden  as  follows:  much  elongated  distomidae  with  small 
lear  shaped  pharynx,  no  mouth  sucker.  Mouth  at  anterior  point: 
mall  ventral  sucker  not  far  from  mouth;  simpl}'  bifurcated  intestine: 
xcretory  canal  bifurcated  at  anterior  end  but  without  anastomosis 
ver  pharynx;  Hermaphrodites:  ovary  long  tubular;  2  long  tubular 
itellaria ;  eggs  without  filament;  2  long  tubular  testes  without  special 
enis ;  Genital  canals  open  separately  on  a  papilla  somewhat  behind 
he  mouth;  Lauree's  canal?  The  animals  live  in  pairs  encapsulated 
n  the  gills  or  in  the  flesh  of  sea  fish. 

JV.  sardae  n.  sp. 

On  the  gills  of  the  Bonito  (Sarda  sarda)  I  found  (July  8,  1913) 
1  the  Laboratory  the  U.  S.  Fish  Commission  of  Wood's  Hole 
.  few  yellow  cysts  which  were  lodged  between  the  layers  of  the 
ills.  They  were  flattened  and  measured  9  X  -ijoO  X  l^oO  mm  and 
k'ere  found  to  contain  two  worms  which  although  tangled  together 
re  quite  separate  and  unattached  to  one  another.  When  disen- 
angled  and  laid  out  straight  these  worms  measure  about  34  X  1  iTiDa 
nd  are  quite  yellow.  The  mouth  at  the  anterior  end  is  provided 
?^ith  a  fairly  strong  sucker  but  no  abdominal  sucker  could  be  found 
fter  the  examination  of  four  or  five  worms  mounted  in  toto  and 
lie  serial  sections  of  two  pairs. 

The  anterior  part  of  the  body  is  rather  suddenly  narrowed 
I'om  the  rest  but  is  flattened  out  somewhat  for  a  short  distance 
ehind  the  head  and  widened  accordingly.  The  terminal  mouth 
ucker  is  quite  strong  and  muscular.  It  opens  directly  through  the 
lore  feebly  muscular  pharynx  into  the  oesophagus.  This  after  a 
ery  short  course  passes  into  a  most  curious  single  intestinal  canal, 
iiiich  is  surrounded  by  a  thick  bushy  mass  of  cells  so  as  to  be  a 
ery   conspicuous   object.    Running   almost   straight   at  first  it  soon 
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assumes  a  veiy  wavj-  or  zigzag  course,  the  surrounding  cells  becoming 
more  compactly  and  closely  applied  about  it.  Even  where  the 
mantle  of  cells  is  thickest  the  lumen  can  be  seen  shining  through 
as  an  empty  tube.  It  extends  back  only  a  short  way,  not  more 
than  four  or  Ave  millimeters  to  a  point  about  midway  along  the 
stretch  of  the  testes  where  it  becomes  invisible.  In  the  section  it 
is  seen,  however,  that  it  does  not  end  here  but  passes  into  an 
extremely  thinwalled  tube.  In  spite  of  our  best  efforts  we  have 
not  succeedel  in  tracing  this  continuation  backward  nor  determining 
absolutely  whether  it  divides  or  not.  This  is  partly  because  its 
wall  loses  any  distinctive  character  and  becomes  exactly  like  that 
of  the  wide  and  tortuous  excretory  canals  which  are  present  every- 
where throughout  the  length  of  the  body. 

The  anterior  or  mouth  sucker  is  terminal  and  surrounded  by 
no  lip  or  prolongation.  It  is  quite  strong  being  provided  wath  an 
inner  and  outer  layer  of  circular  as  well  as  the  main  mass  of 
radial  fibers.  Numerous  large  cells  are  embedded  in  this  muscle  and 
there  is  a  fairly  thick  cuticular  lining  wiiich  passes  on  into  the 
pharynx.  This  has  a  wall  made  up  of  a  loose  network  of  radial 
fibers  and  also  shows  large  cells  embedded  in  it.  The  oesophagus 
is  a  thin  walled  tube  lined  by  a  smooth  membrane.  Possibly  the 
whole  succeeding  tube  should  be  regarded  as  the  oesophagus  if  it 
should  ever  prove  that  the  thin  walled  sac  at  its  end  is  bifurcated 
or  that  it  represents  the  definite  intestine.  The  lining  membrane 
gradually  thickens  as  we  pass  into  this  convoluted  tube  and  becomes 
closely  set  with  cilia  but  no  lining  epithelial  cells  are  to  be  seen. 
Outside  this  membrane,  however,  the  cells  are  ranged  in  radial 
strands  closely  packed  about  the  canal  but  fraying  out  a  little 
externally.  They  are  narrow  elongated  cells  with  very  definite 
nucleus  and  are  at  least  ten  or  twelve  deep  all  round  the  canal. 
It  is  hard  to  know  exactly  how^  to  explain  their  presence  and  what 
function  to  ascribe  to  them.  At  the  lower  end  these  cells  fade 
away  and  the  ciliated  lining  disappears.  —  There  is  left  only  the 
most  delicate  membrane  in  which  cellular  structure  cannot  be  made 
out  clearly. 

The  nervous  system  consists  of  a  pair  of  ganglia  with  commis- 
sural connection  just  behind  the  pharynx  and  several  rather  stout 
nerve  trunks  which  run  to  the  anterior  end  of  the  body  and  backward. 

The  excretory  system  ai)i)ears  to  be  composed  of  two  large  thin 
walled    tubes    which    run    from   one   end   of  the  body  to  the  other. 
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They  twist  about  among  the  uterine  coils  so  that  in  every  section 
they  appear  repeatedly,  cut  in  various  directions  and  containing  a 
faint  granular  coagulum.  In  spite  of  protracted  effort,  however,  w^e 
could  not  determine  where  the  orifice  is  situated. 

Almost  the  w^hole  body  of  the  worm  is  occupied  by  closely 
twisted  coils  of  the  extremely  long  and  wide  uterus  which  is  filled 
with  yellow  eggs.  This  gives  the  general  yellow  color  which  shines 
through  the  wall  of  the  cyst.  Among  these  coils  one  even  wider 
straight  length  of  the  tube  can  be  seen  to  stretch  forw^ard  to  the  anterior 
end  of  the  body.  Among  them,  too,  especially  throughout  the  posterior 
portion  there  are  mingled  many  coils  of  a  narrow^er  tube  which  is  of 
a  deeper  brown  color  and  in  the  more  anterior  part  similar  coils 
of  another  tube  wiiich  appears  rather  white  in  the  unstained  worm 
but  takes  a  bright  nuclear  stain  which  makes  it  conspicuous  in  the 
stained  specimen.  This  proves  to  be  the  ovary,  the  brow^n  tube  in 
the  posterior  part  the  vitellarium.  At  the  junction  of  the  anterior 
and  middle  thirds  of  the  body  there  is  a  space  among  all  these 
coils  in  which  one  can  make  out  a  pear  shaped  seminal  reservoir, 
a  voluminous  shell  gland  and  the  junction  of  all  the  tubes.  The 
ovary  lies  in  front  of  this  space,  the  vitellarium  behind  it.  The 
uterus  opens  abruptly  in  an  almost  unguarded  slit  just  behind  the 
mouth  sucker  at  a  point  immediately  behind  and  adjacent  to  the 
opening  of  the  vas  deferens.  Studied  in  serial  sections  the  following 
relations  are  found  to  prevail.  The  ovary  is  a  pratically  solid  cord 
of  great  length  and  making  many  folds  —  it  is  tubular  only  in  the 
sense  that  the  central  cells  are  less  compactly  placed  than  the 
outer  ones.  It  reaches  the  point  mentioned  above  without  narrowing 
appreciably  and  joins  a  narrow^  rather  thickwalled  canal  which 
receives  at  the  same  point  the  neck  of  the  seminal  reservoir  and 
the  narrowed  channel  from  the  vitellarium.  There  is  no  Laurer's 
canal.  The  seminal  reservoir  is  a  rounded  sac  bent  on  itself  and 
tapering  into  a  rather  long  neck.  It  is  always  found  closely  packed 
with  bundles  of  stiff  looking  spermatozoa.  The  vitellarium  seems 
to  be  a  single  convoluted  tube  which  extends  back  with  the  uterus 
to  the  extreme  posterior  end  of  the  body.  It  is  lined  with  cubical 
or  pyramidal  cells  which  contain  many  highly  refractive  brown 
granules  and  the  smaller  cells  which  fall  off  into  its  central  part 
constitute  the  yolk.  They  are  indeed  extremely  small.  These  three 
ducts  join  at  a  point  where  they  are  surrounded  and  imbedded  deep 
in  a  large  conspicuous   mass   of  cells   radially  arranged   which  one 
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must  regard  as  the  shell  gland.  This  gland  is  developed  to  a  very 
great  extent  probably  because  of  its  task  of  furnishing  shell  material 
to  the  myriads  of  eggs  which  collect  in  the  uterus.  The  combined 
channel  twists  about  as  a  very  narrow  canal  through  a  great  deal 
more  of  the  shell  gland  and  finally  emerges  toward  the  posterior 
end  as  a  gradually  widening  tube  filled  with  eggs  which  are  at 
first  small  and  polj^gonal  and  do  not  show  perfectly  their  completed 
form  nor  their  finished  shell.  It  is  only  after  many  coils  that  the 
eggs  assume  their  definitive  appearance.  The  course  of  the  uterus 
after  this  has  been  described.  In  this  species  it  nowhere  becomes  so 
bulky  as  to  distort  the  cylindrical  form  as  described  by  Maclaeen 
for  N.  molae.  It  opens  on  a  little  hillock  just  behind  the  mouth 
sucker  and  the  terminal  portion  though  surrounded  by  a  few  nucle- 
ated cells  resembling  those  of  the  skin  is  not  provided  with  any 
special  musculature.  The  testis  is  single  though  much  folded  and 
twisted  in  its  posterior  part.  It  begins  anteriorly  as  a  sausage- 
shaped  structure  at  about  the  point  where  the  neck  of  the  worm 
begins  to  widen  out  into  the  body  and  runs  backward  for  a  distance 
of  only  about  two  or  three  millimeters.  Anteriorly  it  gives  otf  a 
convoluted  vas  deferens  which  runs  beside  the  uterus  to  practically 
the  same  point  just  behind  the  mouth  sucker.  There  it  dilates  a 
little  into  a  bulbous  extremity  which  then  narrows  to  pass  into  a 
pear  shaped  sac  which  opens  again  on  the  apex  of  a  little  hillock. 
This  sac  has  at  most  a  delicate  layer  of  circular  muscle  fibres 
surrounded  by  a  number  of  closely  arranged  deeply  staining  cells, 
but  it  is  lined  by  a  \-dyev  of  stiff  recurved  hairs.  It  can  pi-obably 
be  everted  to  act  as  a  penis.  The  testis  shows  a  compact  outer 
layer  of  cells  but  in  the  interior  the  cells  are  grouped  in  clusters 
separated  here  and  there  by  sheaves  of  straight  rigid  spermatozoa. 
There  seems  to  be  some  indication  of  a  separation  of  the  sexes 
in  this  form,  for  although  each  worm  possesses  both  male  and  female 
organs  in  full  development  as  far  as  can  be  seen  from  study  of  the 
testis,  ovary,  shell  gland  etc.  the  terminal  portion  of  the  uterus  with 
the  uterine  outlet  is  well  developed  and  conspicuous  in  one  of  the 
pair  but  scarcely  traceable  in  the  other.  On  the  other  hand  the 
vas  deferens  with  its  bulbous  seminal  reservoir  and  the  sac  which 
serves  as  a  penis  is  very  striking  in  the  other  worm  of  the  i)air 
while  in  the  first  one  in  which  the  uterine  opening  is  so  evident 
no  such  sac  can  be  found  nor  can  the  vas  deferens  be  definitely 
ti-aced  to  an  outlet.     It  is  quite  empty  of  spermatozoa  in  its  cephalic 
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portion  and  escapes  from  view  before  it  readies  its  point  of  outlet. 
Better  sections  might  still  reveal  these  fading-  terminations  but  in 
the  two  pairs  studied  in  series  the  contrast  was  very  striking.  It 
may  conceivably  be  the  result  of  the  functioning  of  one  worm  as 
a  male  and  the  other  as  a  female  during  which  the  remaining  sexual 
function  of  each  was  held  in  abeyance.  It  reminds  one  of  the 
statement  of  van  Beneden  in  regard  to  i\^.  filarina  that  the  smaller 
worm  of  the  pair  has  less  numerous  eggs  than  the  larger  and  that 
these  are  not  yellow  as  they  are  in  the  large  one. 

The  eggs  are  very  small  (about  0.01  ram)  elliptical:  some  of 
them  contain  stainable  material  while  others  seem  to  be  mere  empty 
shells.     They  are  present  in  enormous  numbers. 

The  skin  is  delicate  and  thin,  supplied  as  usual  with  many 
secreting  cells.  The  body  musculature  is  extremely  poorly  developed 
—  indeed  except  in  the  anterior  end  of  the  body  it  can  hardly  be  made 
out  at  all.  Even  about  the  head  the  longitudinal  and  oblique  fibres 
are  extremely  delicate.  The  parenchyma  in  the  head  end  is  composed 
of  large  swollen  cells  with  small  nucleus  much  as  described  by 
Maclaeen.     In  the  posterior  parts  it  is  scarcely  evident. 

The  worms  seem  to  arrive  at  complete  sexual  maturity  within 
the  cyst  and  evidently  copulate  there.  No  mode  of  egress  was 
demonstrated.  They  are  not  covered  with  a  sheath  such  as  van  Beneden 
described  but  lie  quite  free  in  the  cyst. 

The  outer  wall  of  the  cyst  is  composed  of  a  pretty  dense  fibrous 
tissue  within  which  there  is  developed  a  most  highly  vascular  lining. 
From  this  lining  there  run  partitions  and  films  of  exceedingly 
richly  vascular  tissue  among  the  folds  of  the  worms  evidently  to 
supply  them  with  oxygenated  blood.  In  section  one  sees  this  mem- 
brane as  a  closely  beaded  band  each  bead  representing  a  distended 
capillary  of  the  host  carrying  fresh  blood.  It  might  be  imagined 
that  in  that  way  an  adequate  supply  of  nutriment  and  oxygen  could 
be  brought  to  the  worm  even  if  it  made  no  attempt  to  actually 
suck  blood  from  this  film  —  an  idea  which  the  character  of  its 
alimentary  tract  and  its  emptiness  seem  to  go  far  to  prove. 

This  form  seems  to  belong  without  doubt  to  the  genus  Xematoho- 
thrium  although  it  differs  in  so  many  points  from  N.  molae  which 
Maclaben  has  described  and  from  the  forms  described  by  van  Beneden 
and  MoNiEz  although  their  descriptions  are  ratlier  too  meager  to  allow 
of  accurate  comparison. 

These   are   trematode  worms   resembling   the   genus   KoeUikeria 
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in  living'  in  pairs  enclosed  in  cj^sts,  a  mode  of  life  which  brings  with 
it  modifications  and  retrogressions  of  various  organs.  The}'  are  distinct 
from  KoeUiJceria  in  the  form  of  the  body  which  is  long  and  cylin- 
drical but  similar  in  the  possession  of  a  long  cord-like  ovary  and 
vitellarium  and  in  the  position  of  the  genital  opening  at  the  cephalic 
extremit}^  I  should  prefer  with  Bbaux  to  regard  NematobotJirmm 
as  a  part  of  the  family  KoeUikeriadae,  separate  from  the  Monosto- 
midae  or  Distomidae  and  define  the  genus  as  follows: 

Nematobothrium  van  Beneden.  1858. 

Trematodes  of  greatly  elongated  form  living  in  the  mature  state 
in  pairs  in  cysts  in  gills  or  flesh  of  sea  fish.  Digestive  tract  in 
various  degrees  of  retrogression.  Hermaphrodite  but  tending  to 
retrogression  of  one  sex  in  each.  Genital  openings  directly  behind 
mouth  at  cephalic  extremity.  Ovary  and  vitellarium  in  form  of  long 
€oiled  cords,  shell  gland  and  seminal  reservoir  well  developed,  uterus 
forming  extremely  long  coiled  tube.  Single  testis  and  vas  deferens, 
rudimentary  penis. 

The  forms  recognized  up  to  the  present  are: 

N.  fdarina  van  Beneden  Sciaena  aquila 

—  giiernei  Moniez  Thynnus  alalonga 

—  molae  Maclaeen  Orthagoriscus  mola 

—  taenioides  (?y  Monticelli  „  „ 

—  sardae  n.  sp.  Sarda  sarda. 
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m.  s  Mouth  sucker  s.  rj  Shell  gland 

ph  Pharynx  ov.  d  Oviduct 

i  Intestine  oot  Ootype 

f.  g.  p  Female  genital  pore  vit  Vitellarium 

m.  cj.  p  Male  genital  pore  ov  Ovary 

V.  d  Vas  deferens  ves.  sem  Seminal  vesicles 

g  Supraoesophageal  ganglien  oes  Oesophagus 

V.  s  Ventral  sucker  Ex.  c  Excretory  canal 

^it  Uterus  r.  s  Receptaculum  seminis 

Plate   1. 

Koellikeria  xiphiados. 

Fig.  1.  Portions  of  cyst  in  the  muscle  of  the  sword  fish  from 
which  worms  have  been  removed. 

Fig.   2.     Whole  worm.     Lobules  spread  apart  to  show  projecting  head. 

Fig.  3.  Section  of  portion  of  one  lobe  showing  coils  of  uterus, 
testis  and  vitellarium.  The  cuticular  covering  extends  over  all  lobules 
and  between  them  is  the  vascular  film  from  the  host. 

Fig.  4.  Longitudinal  section  of  the  head  showing  muscular  pharynx, 
uterus  and  vas  deferens. 

Fig.  5.  Transverse  section  of  vascular  cord  running  through  muscles 
of  the  host  to  the  cyst. 
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KoeUikeria  sconiheromori. 

Fig.  6.  Sketch  of  whole  worm  showing  mouth  sucker  and  pharynx 
and  arrangement  of  organs  in  body. 

Plate  2. 

KoeUikeria  liaemnli. 

Fig.  7.  Section  taken  through  the  whole  encysted  mass  showing 
uterine  and  ovarian  coils  as  well  as  some  testicular  folds.  Cyst  wall  sends 
septa  between  the  coils  of  the  worm. 

Fig.  8.  Head  showing  mouth  sucker,  pharynx,  supraoesophageal 
ganglia,  uterus  vas  deferens  and   intestine. 

Fig.  9.  Section  through  several  lobes  showing  the  shell  gland 
with  the  projecting  junction  of  oviduct,  vitellarium  and  uterus. 

Fig.  10.  A  coil  of  the  relatively  male  worm  showing  testis,  vas  de- 
ferens and  seminal  vesicles. 

Xenudobothruoi)  xanJae. 
Fig.    11.      Whole  worm. 

Plate  3. 

Fig.    12.      Head  and  neck  showing  mantle  of  cells  about  intestine. 

Fig.  13.  Longitudinal  section  of  mouth  sucker,  pharynx  and  oeso- 
phagus. 

Fig.  14.  Longitudinal  sections  of  the  heads  of  the  worms  forming 
a  pair,   showing  the  inequality  of  development   of  the  sexual  apparatus. 

Fig.  15.  Longitudinal  section  through  cyst  wall,  three  coils  of  the 
worm  and  the  vascular  film. 

Fig.  16.  Portion  of  the  whole  worm  showing  junction  of  ovary, 
vitellarium,  receptaculum  seminis  and  beginning  of  the  uterus  in  the  midst 
of  the  shell  gland. 


Note.  Since  returning  the  proof  of  this  paper  for  publication  we 
have  been  dismayed  to  learn  that  we  had  ovei'looked  an  important  paper 
on  the  same  subject  (Zur  Anatomie  der  Didymozoen  by  T.  Odhner 
which  appeared  in  a  volume  dedicated  to  Prof.  TuLLBERG,  Zoologiska 
Studier,  Uppsala,    1907). 

OuJlXER  describes  lJid;p)iozoo)i  srou/hri  and  Wrdlia  Itiparlila  and  pro- 
poses to  separate  as  Dldynioxoon  those  forms  with  separate  sexes  while 
for  the  hermaphrodite  I),  hiparlilurit  he  retains  the  old  name  Wrdlia  given 
by  CoBBOLD.  Although  dealing  with  species  different  from  those  which 
form  the  subject  of  this  paper  he  has  described  in  detail  most  of  the 
internal   organs  which  we  thought  we  were  studying  for  the  first  time. 
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during  his  trip  to  the  Orient. 

Mr.  A.  Feinbcrg,  artist,  is  also  deserving  of  my  sincere  thanks  fir  his  patience  and  skill  In  pre- 
paring the  plates. 
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ABBREVIATIONS 


Abbreviations  in  explanation  of  plates : 

a. — anus  o.s. — oral  sucker 

b.c. — buccal  sucker  ov. — ovary 

b. — bursa  oot. — ootype 

b.e.j. — bulbus  ejaculatorius       oe. — oesophagus 

ov.d.— oviduct 
oes.g. — oesophageal  gland 


c.s. — caudal  sucker 

c.s. — cirrus  sac 

c.p. — cirrus  pouch 

cl. — cloaca  or  genital  pore 

ce. — coeca. 

cor. — coronet 

c. — cirrus 

c.gl. — cement  glands 


ph. — pharynx 

p.p. — pars  prostatica 

pr. — prostate 

p. — papillae  post  and  preanal 

res. — reservoir 

s.g. — shell  gland 

d.ej. — Ductus  ejaculatorius       s.v. — seminal  vesicle  or  vesicula  seminalis 
e. — eye  s.r. — seminal  reservoir 

ex. p. — excretory  pore  sp. — spicule 

ex.v. — excretory  vessels  t. — testis 

g.i.c. — genito  intestinal  canal    tr. — tridents 


g.p. — genital  pore 

h. — hook. 

i. — intestine 

li. — ligament 

le. — lemnisci 

I.e. — Laurers  canal 

m. — mouth 

m.b. — muscular  bands 

m.g. — mucus  glands 

met. — metraterm 


u. — uterus 

u.g. — unicellular  glands 

v.d. — vas  deferens 

va. — vagina 

vit. — vitellaria 

vit.d. — vitelline  duct 

v.s. — ventral  sucker  or  acetabulum 

w.v.s. — 'Water  vascidar  system 

y.d. — yolk  duct 

y.r. — yolk  reservoir 


FIG.  37.     THLORCHIS  INSCUI.PT/. 
Zooiiatholofpra   Vol.  1.  No.  3.  Pace  page  HI 


NOTES  ON  THE  GENUS  TELORCHIS 
AND  OTHER  TREMATODES 


Tclorcliis  iiisculpti,  sp.  nov. 
(Fig.  37) 

Host — CJiclopiis  iiisciilptiis. 

Habitat — Intestines. 

Locality — Zoological   Park,   New   York.     Eastern  U.   S. 

Stunkard  in  the  Journal  of  Parasitology,  Urbana,  111.,  December 
15,  Vol.  3,  pp.  57-G(J  in  his  paper  on  the  Trematode  genus  Tclorcliis, 
has  very  ably  described  the  origin  of  the  name  by  Luehe,  1889  (1899 
Stiles  and  Hassall),  and  has  given  a  fairly  good  general  description 
of  the  anatomical  structure  of  the  genus  with  the  variations  noted  in 
the  various  species.  Perhaps  in  excessive  detail,  but  nevertheless,  such 
may  be  necessary  on  occasion.  T.  insculpti  was  found  with  others  in 
the  intestine  of  a  wood  turtle.  Chclopus  insculptns  on  January  -1,  1918. 
It  is  a  remarkably  delicate  formation,  far  more  so  than  the  plate  shows. 
It  is  from  4  mm.  to  o  mm.  in  length  by  .80  mm.  in  width. 

It  is  wider  at  the  head  than  at  the  posterior  end,  and  for  the  ante- 
rior third  of  its  length  the  skin  is  spiny,  very  much  so  at  the  head.  In 
fact,  the  mouth  is  covered  with  spines  both  inside  and  without.  The 
mouth  sucker  is  22\k.  wide  and  l^i-i  long.  The  mouth  proper  has  its 
lips  nearly  touching  and  is  only  12|_i  from  side  to  side,  while  the  ante- 
rior and  posterior  lips  are  only  7[i  apart,  and  spines  may  be  seen  far 
back  in  the  mouth.  At  the  junction  of  the  mouth  sucker  with  the 
pharynx  is  a  square  portion  which  intervenes  between  these  two  struc- 
tures. This  is  unusual  and  prevents  the  presence  of  a  prepharyngeal 
oesophagus.  It  is  ;?li  from  before  backwards  and  is  10j.i  from  side  to 
side,  is  wider  than  the  pharynx  and  shows  at  each  end  an  apparent 
coecum  or  recess.  The  pharynx  is  10j,i  wide  and,  8!x  deep  with  the 
mouth  lobulated.  The  oesophagus  is  15u  long  before  bifurcation.  From 
the  bifurcation  of  the  cocca  to  genital  pore  is  Ab\\.  The  pore  is  very 
spiny  about  its  margin.  The  intestines  are  very  narrow  throughout. 
The  acetabulum  is  1^)\\.  in  diameter.  The  cirrus  sac  is  long,  being  12 U|,i 
and  15^  wide.  There  is  on  each  side  of  the  ovary  a  comparatively 
large  water  vascular  reservoir,  oval  in  shape,  one  (>0[i  long  and  15^,1 
wide,  and  the  other  40(^1  and  "2t)ii.  At  the  posterior  end,  behind  the 
testis,  is  another  reservoir  which  is  l.")|.t  and  Sr^ii.  The  ovary  is  round, 
situated  about  the  middle  of  the  worm  at  the  end  of  the  cirrus  sac. 
It  is  25u  in  diameter.     The  testes  are  25[.i  in  diameter,  more  or  less 
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circular  in  shape.  The  vitellaria  extend  from  the  genital  pore  on  each 
side  to  within  40ii  of  the  anterior  margin  of  the  anterior  testis.  It  is 
arranged  in  delicate  clumps  in  somewhat  the  shape  of  an  expanded 
hand,  but  not  properly  shown  in  the  plate.  The  uterus  is  in  two  col- 
umns, quite  apart  throughout,  but  they  sometimes  overlap  the  coeca. 
These  latter  extend  almost  to  the  posterior  end.  Eggs,  ;)LI  wide  and  ^^[i 
long.     On  each  side  of  the  pharynx  is  a  cluster  of  unicellular  glands. 


Tclorchis  pallid  us,  sp.  nov. 
(Fig.  38) 

Host — Chela  pus  insculptus. 

Habitat — Intestine. 

Locality — New  York  Aquarium. 

This  worm  was  found  on  January  4,  191T,  in  a  wood  turtle  along 
with  some  others  of  the  same  family,  two  good  specimens  being  re- 
covered. It  is,  however,  so  dififerent  from  the  others  in  structure,  that 
it  must  be  recorded  as  a  new  species.  It  is  comparatively  long,  un- 
armed with  spines  on  its  skin,  and  very  slender,  being  T  mm.  long  and 
55[A  in  width,  and  it  is  almost  diaphanous,  so  delicate  is  it  in  structure. 
Its  anatomy  is  somewhat  different  also.  The  mouth  sucker  is  subter- 
minal  and  rather  oblong,  being  20|.i  long  and  15i.i  wide.  The  pharynx, 
10|i  long  and  lO^i  \yide,  prepharyngeal  oesophagus  10[^i  long,  genital 
pore  from  division  of  coeca  is  100[,i.  Length  of  cirrus  and  cirrus  sac 
135[x  long,  very  narrow  and  extends  almost  to  the  ovary,  which  is 
situated  about  the  middle  of  the  body,  both  as  regards  the  length 
and  width.  The  ovary  is  round;  and  the  genital  junction  is  very  dis- 
tinct, a  short  distance  posterior  and  to  the  left.  This  structure  is  not 
any  different  from  usual,  the  oviduct  is  given  off  about  the  middle  of 
the  left  side  and  proceeds  backwards,  and  receives  a  delicate  vitelline 
duct  from  each  side.  The  ootype  and  shell  gland  are  comparatively 
large.  The  seminal  reservoir  is  situated  on  the  right  side  of  the  genital 
junction.  The  uterus,  full  of  eggs,  extends  from  here  posteriorly 
nearly  to  the  anterior  testis,  and  is  bounded  on  each  side  by  the  intes- 
tines. These  latter  terminate  very  near  the  posterior  end  of  the  worm 
in  quite  widened  coeca,  and  enclose  or  overlay  a  fairly  large  reservoir 
of  the  water  vascular  system.  The  testes  are  very  small,  being  but  a 
little  larger  than  the  ovary.  The  posterior  one  is  GOj-i  from  the  end 
of  the  worm  and  the  anterior  one  is  20|i  in  advance  of  its  mate.  The 
vitellaria  are  exceedingly  sparse,  being  just  a  few  small  glands  on  each 
side,  chiefly  ])ctween  a  point  opposite  the  ovary  and  lOOfi  further  pos- 
teriorly. The  glands  are  small  and  much  scattered.  There  are  two 
oval  reservoirs,  one  on  each  side  opposite  the  middle  of  the  cirrus  sac, 
the  one  the  right  being  about  twice  the  size  of  the  left  one. 
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Telorchis  chelopi,  sp.  nov. 
(Fig.  39) 

Yiosi—Chclopus  insculptiis. 

Habitat — Intestines. 

Locality — New  York  Aquarium. 

This  worm  was  found  with  a  number  of  others  in  the  intestine 
of  a  wood  turtle,  Cheloptis  inscidptus  on  January  4,  1918.  It  is  a  large 
coarse  looking  worm  compared  with  some  others  of  the  same  genus. 
The  mouth  sucker  is  45[,i  across  and  40|x  deep.  The  anterior  edge  of 
the  sucker  is  cut  off  square  or  deeply  notched,  and  the  posterior  mar- 
gin is  separated  from  the  pharynx  by  an  oblong  structure  '2b]x  from 
side  to  side  and  about  ou  from  before  backwards.  The  outer  ends  of 
this  structure  seems  to  have  a  coecum  at  each  end,  and  outside  on  each 
side  is  a  mass  of  deeply  staining  unicellular  glands.  There  is  conse- 
quently no  prepharyngeal  oesophagus.  The  pharynx  is  roundish  ex- 
cept in  front,  where  it  is  lobulated.  It  measures  20[.i  in  diameter.  It 
is  50[,i  from  the  pharynx  to  the  genital  pore,  that  is  from  the  division 
of  the  coeca.  The  oesophagus  is  very  short,  not  more  than  lO^x,  and 
the  coeca  are  large  and  lobulated  and  on  each  side  the  angle  returns 
towards  the  head,  nearly  to  the  pharynx,  after  that  they  proceed  on 
each  side  in  wide  lobulated  curves  to  the  extreme  end  of  the  worm. 
Cirrus  sac,  180|i  long  and  35|i  wide.  Ovary  round,  25[x  across.  The 
amount  of  vitellaria  is  little  compared  with  other  forms.  The  glands 
extend  160}.i  on  each  side.  Testes,  30u  in  diameter.  The  intestines 
are  quite  clubbed  at  the  posterior  end.  The  cirrus  is  large  and  gener- 
allv  exerted. 


Tclorchis  giiffati,  sp.  nov. 
(Fig.  40) 

Host — Chclopits  giittatiis. 

Habitat — Intestine. 

Locality — Zoological  Park.  Xew  York. 

This  worm  is  a  mature  female  full  of  eggs  and  is  8  mm.  long  and 
1  mm.  wide.  It  was  found  on  January  4.  li)18,  in  the  intestine  of  a 
spotted  turtle,  Chclopus  gnttatns,  and  is  a  fine  specimen  of  a  Telorchis. 
It  is  pointed  at  both  ends.  At  the  anterior  end.  the  mouth  sucker  is 
somewhat  conical  in  shape,  being  narrower  posteriorly  than  in  front. 
It  is  lo|J,  long  and  at  its  widest  part  also  l-")^i,  with  the  mouth  proper 
in  the  centre.  It  has  a  very  short  prepharyngeal  oesophagus  this  being 
about  oil  long.  The  pharynx  is  8[^i  long  and  IO1.1  wide,  lobulated  en- 
trance.    Oesophagus,  narrow  and  35|.i  to  the  division,  and  90j.i  from 
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there  to  the  genital  pore.  Anterior  third  of  the  body,  spiny.  Cirrus 
sac  SOOjA  long.  Acetabulum  about  the  same  size  as  the  pharynx.  The 
metraterm  lOlu  and  studded  on  its  outside  by  numerous  unicellular 
glands.  Ovary,  25|.i  in  diameter  and  situated  at  the  end  of  the  cirrus 
sac.  \'itelline  ducts  plainly  visible,  Laurer's  canal  and  the  seminal 
reservoir  not  seen.  Eggs  •'iii  long  and  o\jl  wide.  X'itellaria  delicate 
and  extending  from  ovary  in  front  to  near  testis  behind.  Uterus  fills 
up  the  body  cavity  between  the  intestines  and  in  places  overlaps  them. 
To  the  left  of  the  cirrus  sac  is  a  water  vascular  reservoir  oOj-i  long 
and  lOfi.  wide.  It  is  situated  dorsal  to  the  cirrus  sac.  The  testes  are 
two,  very  near  the  posterior  end  and  situated  between  the  ends  of  the 
intestines,  where  these  latter  are  much  lobulated.  The  vitellaria  are  very 
plentiful,  they  extend  from  a  point  some  distance  in  front  of  the  ovary 
to  near  the  anterior  testis  posteriorly,  and  the  glands  are  in  clusters. 
The  posterior  reservoir  is  100[i  long  and  dorsal  to  the  testes.  This 
worm  is  much  like  No.  2  as  shown  in  Stunkard's  worms,  only  it  is 
larger.  In  fact,  it  is  difficult  to  compare  these  worms  for  some  writers 
must  measure  immature  forms.  An  average  size  of  the  mature  speci- 
mens would  render  the  diagnosis  much  easier. 


Distoinum  aiiritus,  sp.  nov. 
(Fig.  41) 

Host — Aplodinoius  gnmnicns. 

Habitat — Small  intestine. 

Locality — New  York  Aquarium.     Nearby  fresh-waters. 

During  the  examination  of  a  fresh-water  drum,  Aplodinotiis  i^run- 
niens  Rafinesque,  1818,  June  2G,  1910,  kindly  sent  me  from  the 
New  York  Aquarium,  there  were  found  in  the  intestine  a  lot  of  dis- 
tomes.  The  fish  had  died  of  a  severe  attack  of  myxosporidia,  and  as 
usual,  when  a  fish  is  in  a  weakened  condition,  that  state  seems  to  en- 
courage the  infestation  of  its  parasites.  The  same  rule  holds  good  in 
the  animal,  as  well  as  in  the  vegetable  kingdoms.  In  this  case  the  gills 
were  found  to  harbor  Microcotylc  and  the  intestines  had  in  them  a 
number  of  very  lively  distomes,  which  I  have  ventured  to  name  accord- 
ing to  a  very  prominent  external  feature.  The  skin  about  the  head 
is  redundant,  and  the  ear-like  appendages  are  merely  rolls  of  this  which 
keep  in  the  forms  of  ears.  Although  the  host  had  been  dead  for  a 
few  hours,  the  worms  were  still  very  much  alive,  extending  themselves 
and  herding  and  clinging  together.  The  mouth  sucker  is  large,  sub- 
terminal,  and  circular,  and  immediately  ])osterior  to  it  is  a  fairly  large 
pharynx,  followed  by  a  curving  oesophagus.  4"his  organ  is  long  and 
divides  at  the  jmiction  of  the  anterior  fifth   with   the  posterior   four- 
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FIG.  41.     DISTO.MUM  .-lURnUS. 
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fifths  of  the  body  length.  The  coeca  are  relatively  large  and  extend  to 
nearly  the  posterior  end  of  the  body.  The  acetabulum  is  situated  one- 
third  of  the  length  from  the  head,  and  a  short  distance  anterior  to 
this  is  the  genital  pore.  Almost  immediately  behind  it  on  the  right 
side  is  the  ovary,  the  oviduct  from  which  first  proceeds  backward  to  join 
the  vitelline  ducts,  and  the  duct  from  the  seminal  reservoir.  The  ootype 
and  shell  gland  are  also  here  in  the  centre  of  the  body,  but  Laurer's 
canal  and  the  ductus  gcnito-intestinalis  were  not  seen.  The  testes  are 
two,  one  rather  cubical  in  form  and  the  posterior  one  conical.  The 
vas  deferens  enters  into  a  good-sized  cirrus  sac.  Eggs,  large  but  not 
numerous.     The  vitellaria,  very  profuse.     Skin,  smooth. 

For  the  purposes  of  classification,  this,  which  averages  in  length 
3  mm.  and  .40  mm.  in  width,  probably  belongs  to  the  family  Allocrea- 
diiim  Lss,  with  A.  isoporuin  as  the  type;  although  the  description  does 
not  quite  correspond,  nor  does  it  correspond  with  the  description  of 
Isoporuin  annatnni  of  W.  G.  MacCallum. 


Distoninni  spiculifcnim,  sp.  nov. 
(Figs.  42,  42a,  42b) 

Host- — Acipcnscr  stnrio. 

Habitat — Intestines,    spiral    valve. 

Locality — New  York  Aquarium. 

This  peculiar  worm  was  found  in  the  spiral  valve  of  an  .Icipcnscr 
stnrio.  There  were  twelve  or  fifteen  of  them.  The  host  died  at  the 
New  York  Aquarium  and  was  a  very  old  and  large  specimen,  weigh- 
ing probably  about  eighty  pounds. 

The  worm  is  quite  large  and  has  a  spear  or  arrow-head-shaped 
head,  and  this  on  the  surface  shows  numerous  canals,  probably  part  of 
the  water  vascular  system,  and  since  they  are  stained  with  carmine  they 
look  exactly  like  the  capillary  circulation  in  an  intiamed  part  of  an 
animal.  The  head  is  170|.i  across  and  200[,i  long,  and  quite  snake-like 
in  appearance.  The  mouth  is  terminal  and  has  a  buccal  sucker  on  each 
side.  It  is  15ji  in  diameter.  The  prepharyngeal  oesophagus  is  short, 
about  10|.i  long.  The  pharynx  is  20|i  long  by  10[.i  wide,  and  the  post- 
pharyngeal oesophagus  is  30|.i  long  before  it  divides  into  the  coeca,  and 
the  genital  pore  is  about  lOO^i  posterior  and  just  anterior  to  the  ventral 
sucker  or  acetabulum,  which  is  relatively  small,  being  25[.i  in  diameter. 
The  worms  average  -■'  mm.  in  length  by  IT.oOfi  in  width  at  the  widest 
part.  The  most  peculiar  feature  is  the  character  of  a  portion  of  the 
interior  of  the  vesicula  seminalis  and  also  a  portion  of  the  interior  of 
the  uterus,  as  these  organs  approach  the  end  of  their  course.  The  vesi- 
cula seminalis  is  large  at  the  posterior  end  and  very  long,  terminating 
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in  the  cirrus,  and  the  canal  is  studded  throughout  its  lumen  with 
rather  large  spicules  which  are  thick  at  the  base  and  from  5[.i  to  S\.\. 
long.  They  extend  throughout  a  distance  of  ISOf^i,  after  which  the 
prostatic  muscular  portion  of  the  cirrus  is  as  usual.  The  uterus  also 
presents  this  peculiarity  throughout  a  distance  of  210^,,  and  here  the 
organ  is  twice  as  wide  as  elsewhere.  It  is  fusiform  in  this  locality. 
The  spicules  are  about  the  same  size  as  those  in  the  vesicula  seminalis, 
but  seem  more  plentiful,  are  apparently  tangled  up  some,  and  some  of 
them  are  loose.  Alany  eggs  are  seen  in  the  uterus  at  this  part  at  the 
same  time.  The  eggs  are  4|.i  long  by  3.50j„i  wide,  are  yellow  and  oval. 
The  uterus  fills  the  greater  part  of  the  body  and  is  full  of  eggs. 

The  ovary  is  situated  at  about  the  junction  of  the  posterior  and 
middle  thirds  of  the  body,  where  is  also  plainly  seen  the  genital  junc- 
tion, the  seminal  reservoir,  and  the  shell  gland.  The  ovary  is  40[.i 
long  and  oO|.i  wide.  The  testes  are  two  oblong  bodies  verv  near  the 
posterior  end.  They  send  two  separate  vasa  efiferentia  forward 
throughout  half  the  length  of  the  worm  to  join  the  vesicula  seminalis. 
The  testes  are  230[,i  long  by  ?0^i  wide.  The  intestines  extend  quite  to 
the  posterior  end  and  there  between  them  is  the  excretory  pore.  The 
vitellaria  are  situated  on  each  side  as  far  as  the  body  of  the  uterus 
extends. 


Eurcina  kcksooni,  gen.  et.  sp.  nov. 
(Fig.  43) 

Host— Small  Ray. 
Habitat— Gills. 
Locality — Singapore. 

On  July  20,  liHi;,  there  was  fomid  on  the  gills  of  a  small  unspotted 
ray  a  small  worm  whicli  is  unusual.  It  was  found  at  Singapore  by 
Lee  Kek  Soon,  who  was  assisting  Dr.  W.  G.  MacCallum.  He  said  it 
was  from  the  gills,  but  as  a  matter  of  fact,  it  was  found  at  the  bottom 
of  the  dish  after  washing  the  gills  and  may  have  come  from  the  gullet 
or  mouth.  He  was  confident,  however,  that  it  came  from  the  gills. 
The  spiral  valve  of  the  host  yielded  several  cestodes  of  different  species. 

The  anatomy  of  this  worm  is  so  unusual  that  it  cotdd  not  escape 
being  classed  as  a  new  genus  and  species.  The  moutli  is  an  unusually 
wide,  loose,  open  structure  with,  a])parently,  the  pharynx  opening  at 
once  between  the  lips,  or  immediately  Ijcliind  them  at  the  middle  of 
the  wide  mouth.  'I  he  head  is  much  wider  than  the  neck,  and  the  lips 
extend  the  entire  width  of  the  liead.  The  neck  is  short  and  the  body 
begins  to  enlarge  at  once.  At  the  shoulders,  as  il  were,  or  near  the 
widest  part  of  the  bodv  is  seen  on  each  side  a  distinct  prominence, 
like  that  in  some  of  the  Polystoina.     On  close  insi)ection,  these  two 
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proved  to  be  the  entrances,  for  there  are  many,  to  the  vagina.  This 
feature  in  itself  is  pecuhar,  for  the  worm  has  not  any  of  the  other 
features  of  a  polystome.  Between  these  two  structures  and  sHghtlv 
posterior  to  them,  yet  in  the  middle  of  the  body,  is  the  acetabulum, 
of  good  size.  The  vaginae  both  lead  backward  and  inwardly,  one  to 
join  the  large  and  widely-spreading  right  hand  main  duct  of  the  vitel- 
line reservoir,  which  proceeds  superficially  over  and  ventrally  to  the 
large  ovary,  to  a  point  considerably  posterior  to  that  organ,  where  it 
helps  to  form  the  genital  junction,  partly  under  massive  folds  of  the 
egg-filled  uterus.  The  other  passes  through  a  seminal  reservoir  and 
on  to  join  the  left  branch  of  the  vitelline  reservoir.  The  pharynx  is  an 
unusually  large  structure  for  so  small  a  worm,  and  it  is  exceedingly 
muscular.  There  is  no  prepharyngeal  oesophagus,  but  the  oesophagus 
posterior  to  the  pharynx  is  large  and  fairly  long  before  it  divides  into 
the  ceca.  These  are  voluminous  and  extend  nearly  to  the  end  of  the 
body.  The  ceca  enclose  the  genital  pore  in  front  of  the  acetabulum. 
This  is  overhung  by  a  relatively  large  muscular  cirrus,  which  is  partly 
enclosed  in  a  wide  cirrus  sac,  the  posterior  end  of  which  is  covered 
with  a  number  of  round,  cell-shaped  pedicles  or  papillae.  The  ovary 
is  a  large  lobulated  structure  situated  in  the  centre  of  the  body,  and 
posterior  to  the  acetabulum.  Anterior  to  it  and  to  the  left  is  seen  the 
seminal  reservoir,  with  the  vagina,  on  that  side,  entering  its  base.  The 
vagina  on  the  other  side  may,  and  probably  does,  enter  the  right  arm 
of  the  vitelline  reservoir.  The  uterus  is  large  and  its  folds  fill  the 
posterior  part  of  the  body  and  as  far  forward  as  the  acetabulum.  The 
water  vascular  system  is  plainly  visible  on  each  side  of  the  neck,  in  the 
form  of  three  branching  tubules.  At  the  posterior  end  of  the  worm, 
at  its  centre  is  the  excretory  pore,  with  small  tubes  concentrating  to  it 
from  the  fairly  wide  posterior  end.  The  skin  is  smooth,  thick,  and 
unarmed.     The  eggs  are  oval  and  yellow. 

Mcasitreiiicnfs  of  Eurcma  kcksooni 

Length     3.00  mm. 

Width     1.20  mm. 

Head   width    40  m.m. 

Pharynx  width     15[i 

Pharynx  length    20[.i 

Eggs   length    2|i. 
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Parampliistoiinnn  chelydrae,  sp.  nov. 

Family — Paramphistomidae  Fisch. 
Genus — ParavipJiistomuui  Fisch. 

(Fig.  44) 

Host — Chclydra  serpentina. 

Habitat — Rectum. 

Locality — 'New   York  Aquarium. 

The  worms  wliich  form  the  basis  of  this  short  paper  were  found 
on  March  IT.  11)15.  There  were  three  of  them  in  the  rectum,  all  ma- 
ture, containing  eggs,  were  all  of  the  same  size,  and  1  believe  adult 
specimens.  They  were  5.50  mm.  long  and  l.()<>  mm.  wide.  General 
outline  of  the  body  oblong,  narrow  at  the  mouth,  Ix'coming  wider  until 
about  the  middle,  where  it  reaches  its  greatest  width.  Then  this  grad- 
ually lessens  until  nearly  opposite  the  middle  of  the  disc,  when  it 
suddenly  ceases  and  ends  in  the  middle  of  the  side  of  the  disc,  thus 
forming  an  angle,  which,  as  far  as  I  know\  has  been  unusual  in  this 
genus.  The  disc,  thus  is  shown  to  extend  half  of  its  length  past  the 
end  of  the  body. 

The  plate  given  here  is  as  accurate  as  a  toto  mount  could  b-e 
made.  Xo  oral  evaginations  or  coeca  can  be  seen  in  the  mouth  sucker 
of  two  of  the  worms,  but  in  the  third  they  can  be  seen,  and  it  is  to 
be  presumed  that  they  are  also  jirosent  in  the  others,  for  this  is  very 
common  in  the  Paranipliistnmidac.  The  mouth  sucker  is  terminal  and 
bowl-shaped.  S()[^i  long  and  liou  wide.  (  )pening  of  the  month,  which 
is  terminal  and  corrugated  longitudinal!}-  is  "^51,1  from  side  to  side. 
Oesophagus,  including  the  oesophageal  bulb  or  ])harynx,  S()i.i  long. 
The  bulb  or  pharynx  is  situated  just  anterior  to  the  division  of  the 
intestinal  coeca.  and  is  25^  long  and  '2^i  wide.  The  intestines  are 
very  irregular  in  shajie  and  extend  to  within  a  shm-t  distance  of  the 
posterior  sucker.  The  genital  pore  is  central  and  i:)lace(l  in  the  angle 
of  the  coeca.  'I"he  ovary  is  perfectly  round  or  globular,  and  is  oOji  iu 
diameter.  It  is  situated  a  consideralde  distance  ]iosterior  to  the  testes. 
The  genital  junction  can  be  fairl\'  well  defined  posterior  to  the  ovary. 
The  uterus  is  a  comparatively  short  tube,  and  generally  contains  three 
eggs  which  are  2()u  long  and  I'.'u  wide,  oval  and  yellow.  Testes  are 
placed  well  towards  the  anterior  i)art  of  the  body  cavitw  They  are 
irregular  in  sha]:)e,  indeed  (|uite  branched  or  clubbed,  one  l-">(i  long  and 
?5|i  wide,  and  the  other  5<i|.i  long  and  I  On  wide,  one  in  advance  of  the 
other,  and  in  all  three  s])ecimcns,  the  internal  organs  are  very  nmch 
alike.  \'itellaria  plentiful,  extending  from  near  the  genital  i)ore  on 
each  side  to  near  the  end  of  the  intestines  posteriorly,  and  all  across 
the  body  in  large  masses..  The  disc  is  rounded  or  rather  oval,  the 
central  opening  lieing  cordate  in  shape,  whh  the  small  end  jiosterior. 
The  two  angular  portions  of  the  body  are  situated  opposite  the  middle 
of  the  martrin  of  the  di<c,  ami  extend  in   a  line  across  the  nu'ddle  of 
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the  disc  dorsally,  so  that  the  posterior  half  of  the  disc  projects  beyond 
the  body  of  the  worm.  It  is  130u  anteroposterior  and  llou  across, 
and  internally  75^  and  4:b\x.  The  excretory  pore  is  large  and  situated 
just  anterior  to  the  disc  in  the  middle  of  the  body. 

An  odd  thing  about  these  particular  worms  is  that  they  were  all 
infested  with  great  numbers  of  small  yellow  cysts,  which  may  or  may 
not  have  been  calcified  before  death,  however,  they  now  appear  through- 
out the  parenchyma  and  over  the  surface  of  the  organs  as  small  round 
bodies. 


Echinostoiiiiiin  hcrodiae.  sp.  nov. 
(Fig.  45) 

Host — Hcrodias  tiuwricnsis. 

Habitat — Gall  bladder  and  ducts  of  aquatic  birds. 

Locality — Java. 

This  worm  was  found  by  Dr.  W.  G.  AlacCallum  in  the  gall  blad- 
der of  Hcrodias  timoriensis  in  Singaradja  Bali.  Several  were  found 
and  from  its  exceedingly  spiny  skin,  it  must  have  been  a  source  of 
great  irritation  to  its  host.  It  is  spear-shaped  and  the  head  shows  the 
mouth  terminal  and  surrounded  by  several  long  papillae.  The  ante- 
rior portion  of  the  head  is  unarmed,  but  the  skin  throughout  over  the 
body  is  covered  thickly  with  prominent  chitinous  spines  arranged  in 
transverse  rows  across  the  body  so  thickly  indeed  that  they  overlap 
somewhat.  The  pharynx  is  very  close  to  the  mouth  and  is  loji,  long 
by  lOii  wide.  The  oesophagus  is  long  and  tortuous,  is  divided  at  the 
junction  of  the  anterior  and  second-fifth  of  the  length  of  the  body. 
The  coeca  spread  widely  and  enclose  a  large  genital  pore,  from  which 
the  cirrus  is  generally  seen  exserted.  This  is  large  and  club-shaped, 
and  measures  100^  in  length.  The  genital  pore  is  at  the  anterior  mar- 
gin of  the  acetabulum,  and  this  latter  organ  is  100|i.  in  diameter.  The 
ovary  is  irregular  in  shape,  is  about  50^  in  diameter,  and  is  situated 
almost  directly  behind  the  acetabulum.  Wide  vitelline  ducts  meet  the 
oviduct  here  from  each  side,  as  does  also  the  duct  from  the  seminal 
reservoir.  This  sac  is  to  the  left  of  the  ovary.  Laurer's  canal  can 
not  be  made  out  with  certainty  on  account  of  the  presence  of  numerous 
large  eggs,  which  are  7[.i  long  by  41.1  wide.  The  testes  of  which  there 
are  two,  are  large  and  are  of  different  size  and  shape.  The  anterior 
one  is  irregularly  square,  filling  largely  the  abdominal  cavity  from  side 
to  side.  It  measures  1.40  mm.  across,  and  80  mm.  from  before  back- 
ward. The  other  is  more  or  less  conical  to  fit  the  posterior  part  of 
the  body  cavity,  and  is  about  1  mm.  long  by  .60  mm.  wide.  The  in- 
testines extend  to  the  posterior  end  of  the  body  and  are  there  club- 
shaped.     A  large  excretory  pore  opens  at  the  posterior  end  and  one 
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can  see  a  system  of  ducts  coming  from  the  body.  This  worm  looks 
somewhat  Hke  that  described  by  Ramsay  Wright  as  having  been  found 
in  Botaurus  minor  North  America,  and  named  by  him  E.  asperum. 

Measurements  of  E.  herodiac 

Length    8  mm. 

\\^idth   o  mm. 

Acetabuhim    10<>|.i  in    diameter 

Head    across    4r)[.i 


Axinc  carangis,  sp.  nov. 
(Fig.  4(5) 

Host — Caranx  liippos. 

Habitat— Gills. 

Locality — Xcw  York  Aquarium.    Common  on  East  coast. 

The  name  Axine  was  first  given  to  this  genus  by  Abilgaard  in 
1794,  but  this  particular  species  appears  to  be  new. 

This  worm  was  found  in  great  numbers  on  the  gills  of  a  Caranx 
Jiippos  after  they  had  caused  the  death  of  their  host.  It  is  a  very 
graceful  creature,  perhaps  the  most  delicately  shaped  of  all  the  Micro- 
cotvle.  The  head  begins  with  a  small  protuberance,  presumably  the 
mouth  or  lip  and  on  each  side  of  this  and  immediately  behind  it,  is  the 
mouth  ])roper  with  a  buccal  sucker  on  each  side.  A  short  distance 
posterior  to  this  is  the  genital  pore,  which  is  divided  into  two  portions 
of  a  circle,  each  being  surrounded  with  a  row  of  spines  or  hooks,  and 
a  very  short  distance  posterior  to  this  appears  the  armed  head  of  the 
cirrus,  and  still  further  posterior  in  the  middle  of  a  more  or  less  clear 
circular  space  is  the  opening  of  the  vagina  which  is  also  armed  with 
very  fine  spicules.  This  opens  on  the  dorsal  surface,  as  in  other  mem- 
bers of  the  microcotyle  family. 

The  uterus  is  usually  filled  with  a  column  of  fusiform  eggs  mak- 
ing their  way  to  the  genital  pore  where  they  are  ejected  or  laid.  At 
cither  pole  of  the  egg  is  a  long  filiform  filament  which,  when  the  egg 
is  laid,  becomes  attached  to  the  filaments  of  the  gills,  where  it  is  re- 
tained until  hatched.  The  ovary  which  is  an  irregularly-shaped  mass 
of  germ  cells  enclosed  in  a  roughly  horseshoe-shaped  sac,  lies  about 
the  middle  of  the  worm.  The  vitelline  reservoir,  which  receives  the 
spermatozoa  from  the  vagina,  lies  in  a  somewhat  V-shaped  structure 
and  adds  its  share  to  the  oviduct  in  the  formation  of  the  egg.  The 
seminal  reservoir  is  always  plainly  to  be  seen  in  this  locality,  and  be- 
hind this  genital  junction  are  situated  the  testes,  about  forty  or  fifty 
in  number.     The  vitellaria  are  very  profuse  and  extend  from  near  the 
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head  on  both  sides  of  the  worm  into  -the  disc  at  the  posterior  end. 
This  latter  structure  is  very  graceful.  It  has  a  single  row  of  claspers 
along  the  margin.  They  seem  to  be  of  about  the  same  shape  as  those 
of  the  Microcotylc,  but  are  more  delicate.  The  disc  is  the  widest  por- 
tion of  the  worm,  being  about  1  mm.  in  width  and  shows  about  90 
suckers  along  its  margin.  The  body  of  the  worm  at  its  widest  is  only 
about  .80  mm.,  and  it  is  only  7  mm.  long. 

They  seem  to  be  very  productive,  for  like  the  Microcotylc,  they 
often  cause  the  death  of  the  fish  they  infest  from  sheer  loss  of  blood 
probably  plus  the  poison  which  all  of  these  worms  are  said  to  impart 
to  their  host. 

The  fish  was  kindly  sent  for  examination  by  the  Director  of  the 
Aquarium. 


Hemisfoiiiiini  Jiaitstntm,  sp.  nov. 
(Fig.  47) 

Family — Holostomidac. 
Genus — Heniistomnm,  Diesing. 

Host — Alntcra  schocpHi. 

Habitat — Intestines. 

Locality — Southeast  coast  of  the  United  States. 

On  May  4,  1915,  a  large,  but  very  thin  Alntcra  schocpfii  was  kindly 
sent  me  from  the  New  York  Aquarium.  On  examination,  it  was  easy 
to  see  why  this  host  was  emaciated.  On  the  gills  was  a  good-sized 
Branchiobdella  about  1^^  inches  in  length.  In  the  urinary  bladder 
were  a  lot  {A^^)  of  Catoptroides  ahiterae.  On  the  gills  there  were  a 
great  many  small  copepods,  and  in  the  intestine  a  number  of  small 
distoms  of  two  or  three  species,  also  a  lot  of  Hcinistominac,  w4iich  I 
am  about  to  describe.  There  were  forty  or  fifty  of  this  species  recov- 
ered, which  are  so  very  unusual  in  form.  It  is  roughly  somewhat  the 
shape  of  a  scoop,  such  as  is  used  by  grocers,  the  tip  being  the  head 
where  appears  the  subterminal  mouth  sucker  followed  wnthout  interval 
by  the  pharynx.  The  oesophagus  is  long  and  divides  into  the  coeca 
about  the  middle  of  the  dilated  portion  of  the  anterior  half  of  the 
worm.  In  the  somewhat  triangular  space  enclosed  is  the  acetabulum, 
and  just  anterior  to  this  the  genital  pore.  At  this  point  too-  may  be 
seen  the  adhesive  disc  w^hich  covers  in  largely  the  acetabulum.  The 
intestines  appear  to  extend  nearly  to  the  posterior  end  of  the  worm  on 
the  dorsal  surface  of  what  might  be  called  the  handle  of  the  scoop. 
The  eggs  in  the  uterus  are  also  nearer  the  dorsal  than  the  ventral 
surface.  There  are  two  good-sized  rounded  testes  and  in  front  of 
them  to  their  right  is  the  ovary,  which  is  about  half  the  size  of  a  testis. 
The  oviduct  is  given  ofl:"  from  the  left  side  and  posterior  to  this  tube  is 
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the  seminal  reservoir,  and  hcfe  too  is  situated  the  genital  junclimi  of 
the  vitelline  tubes,  oviduct,  and  ducts  from  the  seminal  reservoir,  all 
near  the  ootype  and  shell  gland.  The  other  ducts  supposed  to  be  seen 
here.  Laurer's  canal  and  the  ductus  genito-intestinalis,  so  seldom  seen 
by  me  without  sectioning,  are  not  to  be  seen  here  in  a  toto  mount,  even 
if  they  are  there.  The  vitellaria  are  very  plentiful  throughout  the 
posterior  half  of  the  body,  and  in  fact,  all  of  the  organs  seem  confined 
to  this  portion  except  the  outlet  of  the  uterus  and  the  cirrus  with  its 
sac.  The  vasa  efferentia  join  to  the  form  the  vas  deferens,  which,  as 
usual,  ends  in  the  cirrus  sac. 

Mcasiiraiiciifs  of  FI.  haiisfntni 

Length     2.25  mm. 

^^'^d"th     l.OO  mm. 

Width  of  posterior  part  of  body 60  mm. 

Egg  oval     05  mm. 

Mouth  sucker     20  mm. 

Pharynx  length    150mm. 

Ovary     40  mm. 

Testis     60  mm. 


Spirorchis,  gen.  et.  sp.  nov. 
(Fig.  48) 

Host — Chclopiis  inscitlptiis. 

Habitat — Intestine. 

Localitv — New  York  Afiuarium. 


These  three  very  unusual  worms  were  on  Januar\  I.  If) IT.  found 
in  the  intestine  of  a  wood  turtle.  As  will  be  seen  by  the  color  of  the 
contents  of  its  intestines,  it  is  a  haematojihagic  trematode.  It  is  4  mm. 
long  by  .SO  mm.  wide,  with  a  smooth  skin  throughout.  Its  body  tapers 
toward  each  ciid,  being  widest  about  its  middle.  The  anterior  end  dis- 
plays a  mouth  sucker,  which  is  almost  entirel)'  external  to  the  head, 
being  j^jined  thereto  by  a  prepharyngeal  oesophagus,  30|^i  in  length. 
'i4ie  postpharyngeal  oesophagus  being  2.')}i.  The  coeca  begin  at  about 
60u  from  the  mouth.  The  ])harynx  is  not  more  than  5ji  in  diameter. 
Almost  at  once  in  the  angle  of  the  coeca.  the  testes  begin  by  a  conical 
mass,  which  is  followed  by  nine  other  irregularly-shaped  masses,  all 
joined  together  in  a  rough  .spiral  cohunn  filling  almost  the  whole  abdom- 
inal cavity  between  the  intestinal  coeca.  They  finally  end  in  close  touch 
with  a  large,  more  or  less  conical-shaped  seminal  rcsevNoir,  which  in 
itself,  is  larger  than  any  one  of  the  testes.  Its  base  is  anterior,  and 
it  gradually  tapers  into  what  probably  is  the  cirrus,  although,  on  ac- 


e.p 
FIG.  48.     SPIRORCHIS 
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count  of  the  black  intestines  filling  the  posterior  end  of  the  worm,  it 
is  not  possible  with  the  material  at  hand  to  trace  the  genital  scheme. 
The  vitellaria  are  very  profuse,  and  the  ordinary  Y-shaped  reservoir 
can  be  plainly  seen.  The  ovary  20u  in  diameter  with  a  long  oviduct 
directed  posteriorly  is  seen  near  the  end  of  the  seminal  reservoir,  but 
no  ootype  or  shell  gland  or  other  seminal  reservoir  can  be  seen,  nor 
indeed,  can  the  uterus  be  made  out.  One  large,  oval  tgg,  10|.i  long 
and  o\i  wide,  is  seen  posterior  to  the  ovary  in  each  specimen.  The 
shell  of  this  seems  thick  and  cleavage  is  well  advanced.  The  genital 
pore  is  a  little  posterior  to  the  tips  of  the  coeca  and  between  them. 
It  is  more  or  less  circular,  but  its  connection  with  the  oviduct  or  uterus 
cannot  be  seen,  indeed,  in  one  case  the  black  coeca  have  coalesced  and 
formed  a  large  black  mass  over  this  interesting  region.  No  acetabu- 
lum or  other  adhering  organ  seems  to  be  present.  The  usual  excre- 
tory pore  is  to  be  seen  at  the  posterior  tip  of  the  body.  On  ac- 
count of  the  unusual  spiral  mass  of  testes,  filling  the  abdominal  cavity 
to  the  exclusion  of  everything  else,  I  have  taken  the  liberty  of  naming 
the  worm  Spir orchis  as  a  gen.  et.  sp.  nov. 


Acanthodiscus  mirabile,  gen.  et.  sp.  nov. 
(Fig.  49) 

Host — Caranx  hippos. 

Habitat— Gills. 

Locality — New  York  Aquarium. 

The  host  is  common  on  both  the  east  and  west  coasts  of  the  United 
States. 

This  very  strange  ectoparasite  was  found  on  April  18,  1917,  in 
considerable  numbers  on  the  gills  of  a  crevalle,  and  I  have  no  doubt 
that  at  times  the  species  mav  be  a  serious  menace  to  the  life  of  the 
fish. 

One  can  hardly  say  how  many  were  on  the  gills,  for  as  the  worm 
is  so  small  and  filmy,  hundreds  or  more  might  easily  be  overlooked. 
It  is  evidently  a  heterocotylean  trematode,  but  does  not  seem  to  fit 
into  any  known  genus.  For  the  purpose  of  classification,  it  may  be 
described  as  elongated,  flat,  two-mouth  suckers,  many  testes,  peculiarly 
armed  cirrus,  body  towards  posterior  disc  tranversely  striated  and 
spiny  along  dorsal  surface  with  four  claspers  on  opposite  side,  and 
with  a  fairly  large  terminal  disc  without  suckers,  but  armed  with  two 
large  hooks  and  several  small  ones.  I  would  like  therefore  to  suggest 
a  new  genus  of  the  family  Gyrodactylidae  v.  Ben  et.  Hesse. 

The  anterior  end  shows  a  mouth  with  two  buccal  suckers,  much 
like  those  of  a  IMicrocotyle.  Behind  and  between  these  is  a  small 
pharynx   followed  by  a   rather  long  gullet,   but   which   is   in   no  case 
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visibly  divided  into  coeca.  although  a  number  of  specimens  were  exam- 
ined. The  location  of  the  genital  pore  is  indicated  by  a  flat  plaque  of 
amber  colored  chitin.  and  near  it  is  seen  a  most  peculiar  head  of  the 
cirrus  with  a  coronet  of  about  twenty  spines.  (Fig.  49a.)  This  orna- 
mental structure  is  at  the  end  of  a  long  tortuous  vas  deferens  arising 
from  a  cluster  of  forty  or  more  testes,  which  resemble  those  of  the  mi- 
crocotylidae.  The  ovary  is  of  a  relatively  fair  size,  situated  a  little 
anterior  to  the  middle  of  the  worm.  It  is,  however,  in  the  material  at 
hand  impossible  to  make  out  the  whole  female  genital  apparatus,  al- 
though plenty  of  specimens,  well  stained,  were  under  observation.  The 
vitellaria  were  very  plentiful  and  offered  some  obstruction  to  making- 
out  the  anatomy.  These  glands  extend  from  the  genital  pore  on  both 
sides  throughout  two-thirds  of  the  worm's  length.  Along  the  dorsal 
surface  for  about  one  third  of  its  length,  the  body  of  the  worm  showed 
its  skin  armed  with  sharp  spines,  looking  chiefly  towards  the  posterior 
and  chiefly  dorsal.  On  some  portions  also  of  the  posterior  part  of  the 
body,  spines  may  be  seen  on  the  abdomen,  and  in  this  region  of  the 
spines,  the  body  is  seen  to  be  crossed  with  transverse  striae.  An  odd 
feature,  too,  is  the  presence  on  the  abdomen  just  anterior  to  the  disc 
of  four  relatively  large  claspers  or  chitinous  suckers.  These  are  oblong 
and  of  a  different  structure  to  those  in  the  axine  or  microcotylidae. 
Still,  they  are  of  the  same  character.  Three  of  these,  the  posterior 
ones,  are  placed  near  to  and  in  advance  of  each  other,  while  the  ante- 
rior one  is  placed  some  distance  anterior  to  the  others,  and  it  too  seems 
to  have  at  its  base  a  flap  of  thin,  semitransparent  skin,  which  extends 
past  the  margin  of  the  body. 

The  disc  is  a  relatively  large,  saucer-like  structure  with  two  fairly 
large  hooks  attached  to  the  under  margin,  and  also  along  the  edge  of 
the  disc  are  seen  from  the  one  side  four  other  small  hooks.  If  distrib- 
uted evenly  around  the  margin  of  the  disc  there  would  probably  be  in 
all  eight  of  these  small  hooks.  Only  two  large  ones  are  seen,  however. 
The  c^g  seen  in  the  uterus,  is  also  odd.  (Fig.  49b.)  It  is  relatively 
very  large  with  an  anterior  spike  and  a  posterior  filament.  It  is  some- 
what wrinkled. 

Measurements  of  A.  niirahile 

Width     20|.i 

Disc  diameter   ;?.'5|x 

Disc  depth     1  '"^i^i 

Shield  near  genital  pore Sj^i  long  x  r)|.i  wide 

Egg  length    1  r)|.i 

Egg  width    7H 

Length  of  spike 2\i 

Filament  at  posterior  end   .  .  .  1")^  long 

Across  cirrus  coronet   5^ 


FIG.  50.     MICROCOTYLE  SPlXldRRUS. 


Zoopathologica   Vol.  1,  A"o.  3.  Face  page  9i 


FIG.  51.    nisroMLM  lROI'inO\OII. 


Zovpalhuloaica    Vul.  1,  A'o.  3.  i''a<e  paye  'Jo 


1918]  MacCalhtm  :  Telorchis  and  other  Trcmatodes  9o 

Microcotyle  spinicirrus,  sp.  nov. 
(Fig.  50) 

Habitat — Gills  of  the  fresh-water  Drum.     Found  in 
lakes  and  rivers  in  North  America. 

On  January  31,  1917,  a  fresh-water  drum,  Aplodinotus  grunniens 
was  sent  me  from  the  Aquarium  at  New  York.  It  was  a  large  fish 
and  yet  its  gills  were  found  so  infested  with  microcotyle  that  they  un- 
doubtedly caused  its  death.  The  gills  were  of  a  cream  color,  although 
the  fish  had  recently  died.  The  worms  had  practically  exhausted  most 
of  the  blood. 

This  Microcotyle  is  not  large  and  is  rather  gracefully  formed.  Its 
sucker  disc  is  triangular  in  shape  and  as  many  as  eighty  or  ninety  suck- 
ers or  claspers  may  be  counted  on  it.  The  head  is  rather  square  at 
the  anterior  end  with  the  mouth  in  the  centre,  and  on  each  side  of  this 
is  a  buccal  sucker.  Hetween  and  posterior  to  these  is  the  pharynx 
followed  by  a  rather  long  oesophagus,  which  divides  as  usual  into  two 
coeca,  and  between  these  branches  of  the  intestine  the  genital  pore  is 
seen  surrounded  by  a  large  ring  of  hooks,  counted  in  two  or  three 
instances  there  were  fifty- four.  (Fig.  50.)  At  one  point  toward  the 
posterior  they  are  absent  for  a  short  distance  in  the  ring.  The  ring  is 
20[x  across  and  the  longest  hooks  are  b\i  long.  Immediately  behind  the 
open  space  in  the  ring  is  the  anterior  end  of  the  cirrus,  which  is  a  pecu- 
liar structure  as  shown  in  Fig.  50.  The  vas  deferens  leading  to  it  is 
very  tortuous  and  wide.  A  short  distance  still  further  posterior,  is  a 
clear  circular  space,  in  the  centre  of  which  can  be  seen  the  vaginal 
opening,  also  surrounded  by  a  cluster  of  hooks  or  spines  which  are 
small.  The  opening  is  dorsal  and  the  vagina  empties  intO'  the  vitelline 
tubes  wdiich  go  to  make  the  Y-shaped  vitelline  reservoir,  from  which 
a  small  tube  joins  the  oviduct  before  the  latter  merges  into  the  ootype 
as  usual,  though  the  duct  from  the  seminal  reservoir  joins  the  oviduct 
first.  The  ovary  itself  is  a  horseshoe-shaped  tube  placed  across  the 
middle  of  the  worm  with  the  convex  portion  looking  anteriorly.  The 
testes  are  in  the  posterior  end  of  the  body,  and  are  forty  or  fifty  in 
number.  The  vitellaria  are  distributed  along  the  sides  of  the  body  from 
near  the  genital  opening  almost  to  the  tip  of  the  sucker  disc. 


Measurements  of  Microcotyle  spinicirrus 

Length  varies  very  much.     An  average  would  be  5  mm. 
Width    1  mm. 

The  disc  about  one-third  the  length  of  the   worm. 
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Disfoiiiurn  tropidonoti,  sp.  nov. 
(Fig.  51) 

Host — Tropidonotns  triangidigcnis. 
Habitat— Gall  bladder. 
Locality — Buitenzorg,  Java. 

On  'MdiX  '25,  191G,  Dr.  W.  G.  ]\IacCallum  found  at  Buitenzorg, 
Java,  in  the  gall  bladder  of  a  Tropidonotus  trianguligerus,  a  brownish- 
green  snake,  a  solitary  distome.  Its  mouth  is  sub-terminal,  unarmed 
and  is  large,  and  it  terminates  in  a  short  gullet  or  prepharyngeal  oeso- 
phagus. The  pharyn.x  is  roundish  and  is  followed  by  the  oesophagus, 
which  is  comparatively  long.  This,  as  usual,  divides  into  the  intestinal 
coeca,  and  in  their  angle  is  the  genital  pore,  the  cirrus  and  the  uterus 
presenting  here.  In  the  centre  of  the  body,  nearly  at  the  anterior  quar- 
ter of  its  length  is  the  acetabulum,  the  genital  pore  being  in  front  of 
this.  The  ovary  situated  in  the  middle  of  the  body,  is  not  so  large  as 
either  of  the  two  testes,  which  are  placed  one  behind  it  and  one  in  front, 
and  both  on  the  opposite  side,  one  in  advance  of  the  other.  The  vasa 
efferentia  meet  each  other  at  right  angles,  at  or  near  the  base  of  the 
cirrus  sac,  one  is  short  and  the  other  very  long.  The  vitellaria  are 
peculiar,  being  placed  along  each  side  in  open  hand,  shaped  clusters 
and  giving  out  numerous  vitelline  ducts,  several  of  which  concentrate 
at  a  small  vitelline  reservoir  between  the  ovary  and  the  anterior  testis. 
The  ducts  sent  toward  the  genital  junction  are  very  distinct,  as  are  also 
the  ducts  connecting  the  lobulated  masses.  In  this  position  may  be 
plainly  seen  the  genital  junction.  The  seminal  reservoir  is  placed  beside 
the  posterior  surface  of  the  ovary,  and  sends  its  duct  to  join  the  oviduct 
just  in  advance  of  the  duct  from  the  vitelline  reservoir.  The  ootype  is 
seen  surrounded  by  the  shell-gland.  The  oviduct  is  continuous  with 
the  uterus,  which  coiling  near  the  posterior  end  of  the  body,  passes 
anteriorlv  to  the  end  at  the  genital  pore.  The  seminal  reservoir  is  very 
distinct  and  lies  against  the  posterior  side  of  the  anterior  testis.  It  is 
situated  on  the  right  side  of  the  centre  of  the  worm,  but  by  means  of 
a  rather  long  duct,  it  empties  into  the  oviduct.  Laurer's  canal  is  given 
off  the  oviduct  very  near  the  ootype,  and  proceeds  a  short  distance 
anteriorlv  before  passing  through  to  the  back.  The  genito-intestinal 
canal  is  given  off  from  near  the  ootype,  and  proceeds  to  the  right  coe- 
cum,  where  it  enters.  The  ootype  is  large  and  is  surrounded  by  a  i)ro- 
fuse  shell-gland.  The  eggs  are  numerous,  small,  and  yellow.  The 
vagina  can  not  be  made  out  certainly.  The  skin  is  thick,  unarmed,  and 
somewhat  corrugated,  especially  at  the  posterior  end.  The  excretory 
pore  is  large  and  situated  at  the  extreme  posterior  end  of  the  body. 
The  worm  is  only  •")  mm.  in  length  by  1.00  mm.  in  width. 

Measurements  of  Distonium   tropidonoti 

Length    •"•  "H"- 

Width    8  mm. 
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Across  mouth    20^ 

Pharynx  width    10^, 

Pharynx  length   lOji 

Oesophagus  length   30^ 

Acetabulum    30[x 

Ovary   30[.i  x  .50^1 

Testis    65[.i  x  30[.i 

Cirrus  sac  length   80|.i 

Egg b\L  X  2.50  [I 
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ABBREVIATIONS 


Abbreviations  in  explanation  of  plates: 
a. — anus  o.s. — oral  sucker 

b.c. — buccal  sucker  ov. — ovary 

b. — bursa  oot. — ootype 

b.e.j. — bulbus  ejaculatorius       oe. — oesophagus 

ov.d. — oviduct 
oes.g. — oesophageal  gland 
ph. — pharynx 


c.s. — caudal  sucker 

c.s. — cirrus  sac 

c.p. — cirrus  pouch 

cl. — cloaca  or  genital  pore 

ce. — coeca. 

cor. — coronet 

c. — cirrus 

c.gl. — cement  glands 


p.p. — pars  prostatica 

pr. — prostate 

p. — papillae  post  and  preanal 

res. — reservoir 

s.g. — shell  gland 

d.ej. — Ductus  ejaculatorius       s.v. — seminal  vesicle  or  vesicula  seminalis 
e. — eye  s.r. — seminal  reservoir 

ex. p. — excretory  pore  sp. — spicule 

ex.v. — excretory  vessels  t. — testis 

g.i.c. — genito  intestinal  canal    tr. — tridents 


g.p. — genital  pore 

h. — hook. 

i. — intestine 

li. — ligament 

le. — lemnisci 

I.e. — Laurers  canal 

m. — mouth 

m.b. — muscular  bands 

m.g.-^mucus  glands 

met. — metraterm 


u. — uterus 

u.g. — imicclKilar  glands 

v.d. — vas  deferens 

va. — vagina 

vit. — vitellaria 

vit.d. — vitelline  duct 

v.s. — ventral  sucker  or  acetabulum 

w.v.s. — water  vascular  system 

y.d. — yolk  duct 

y.r. — yolk  reservoir 


STUDIES  ON  THE    POLYSTOMIDA 

Order — Trcmatoda. 
Sub-order — Heterocofylca. 
Fam  i  1  }• — P  olystoinidac. 
Genus — Polystoma. 

In  1S08,  when  the  order  Trcmatoda  was  established  by  Rudolphi, 
it  was  made  to  inckide  witli  other  genera  that  of  Polystoma  (Zeder). 
In  1892,  MonticelH  proposed  a  new  system,  dividing  the  trematodes 
into  three  groups  or  sub-orders,  the  Heterocotylea,  Aspidocot\lea,  and 
Malacocotylca,  the  first  of  which  exactly  coincides  with  the  Moiiogcnca 
of  Van  Beneden,  and  this  arrangement  has  been  generally  adopted  by 
recent  authors  (Pratt). 

Thus.  Polystoma  (Zeder),  according  to  this  plan,  will  fall  into 
the  Sub-order  Heterocotylea,  Family  Polystomidae  Taschb.  and  Sub- 
family Polystominae,  V.  Beneden.  These  worms  are  usually  found 
on  the  gills  and  in  the  urinary  bladder  of  amphibians,  and  in  the  mouth, 
nose  and  urinary  bladder  of  turtles.  The  posterior  end  has  usually  a 
disc,  on  which  are  situated  six  or  more  suckers.  These  suckers  of 
polystomes  consist  of  small,  cup-shaped,  circular  discs,  composed  of 
muscular  fibres  in  the  wall,  and  arranged  in  various  directions  between 
the  chitinous  framework.  These  fibres  are  limited  on  the  surface  by  a 
distinct  membrane.  The  muscular  fibres  are  so  attached  to  the  various 
parts  of  the  chitinous  framework  that  by  their  contraction,  the  cup-like 
cavity  can  be  raised  and  narrowed  so  as  to-  accomplish  its  sucking  func- 
tion. Other  muscle  fibres  extend  from  the  disc  up  into  the  body,  so 
that  the  whole  disc  is  under  the  control  of  the  worm.  The  genus  Poly- 
stoma is  not  always  ectoparasitic  since  it  is  often  found  living  in  the 
urinary  bladder  of  fish,  amphibia  or  reptiles.  It  may  also  be  some- 
times found  in  the  lungs  and  intestines.  Polystoma  have  no  metamor- 
phosis.    (Ray  Lankester.) 

The  posterior  adhesive  appartus  presents  a  variety  in  Heteroco- 
tylea. No  doubt,  the  single  sucker  at  the  hinder  end  of  the  body  repre- 
sents the  primitive  arrangement.  This  sucker,  wdiich  is  always  simple 
and  never  armed  in  the  Malacotylea  is  usually  multi-loculate  in  the 
Aspidocofxlca.  This  posterior  adhesive  organ  is  usually  formed  of  six, 
seldom  of  eight,  suckers  on  a  strong  disc,  and  it  is  usually  armed  in 
the  Heterocotylea.  The  anterior  buccal  suckers  communicating  with 
the  oral  cavity  are  usually  present.  The  vagina,  single  or  double,  but 
someimes  multiple  as  .in  the  P.  integcrrimnm.  Common  genital  pore, 
median.  The  copulation  of  Polystoma  has  been  observed  (Zeller).  It 
is  probable  that  in  the  case  of  many  of  the  Heterocotylea  which  live 
isolated  on  the  gills  of  fishes,  and  where  eggs  are  laid  by  them,  they 
are  able  to  self-fertilize  themselves.     This  is  borne  out  by  observation 
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in  Distomimi  species  by  Looss,,  who  finds  spermatozoa  within  the  uterus 
before  the  external  pore  is  fonned.  They  could,  therefore,  only  have 
been  derived  from  the  ripe  male  organs,  and  further,  in  some  species 
there  is  no  penis,  so  that  copulation  could  not  have  taken  place.  If  self- 
fertilization  may  occur  in  a  Distoninni,  there  is  every  reason  to  expect 
its  occurrence  in  Hctcrocotylca  (Ray  Lankester).  "The  eggs  are  laid 
in  water,  and  when  hatched  the  larvae  swim  freely  in  water  by  means 
of  five  incomplete  girdles  of  cilia,  of  which  the  three  anterior  are  in- 
complete dorsally  and  the  two  posterior,  incomplete  ventrally  (Zeller)." 
"The  young  Polysfonia  makes  its  way  from  the  mouth  into  the  pharynx, 
and  wanders  along  the  alimentary  tract  to  the  rectum.  On  the  forma- 
tion of  a  cloacal  bladder,  the  young  Polystoiiia  enters  it.  It  is  not  till 
the  third  year  that  the  parasite  becomes  sexually  mature.  The  gill  Polv- 
stoma  parasites  differ  in  several  points  from  the  cloacal  form,  notably 
in  the  absence  of  a  vagina,  and  consequently  in  the  impossibility  of 
copulation."     (Ray  Lankester.) 

"In  Polystoma,  each  vagina  opens  through  20  or  30  small  pores 
situated  on  the  lateral  swelling,  and  at  its  internal  end,  the  vagina  com- 
municates with  the  transverse  vitelline  ducts,  and  in  its  course  is  some- 
times dilated  to  form  a  spermatheca."  (Ray  Lankester).  This  latter 
statement  does  not  seem  to  be  quite  correct,  for  many  Polystoma  are 
found  with  a  single  freely  open  vagina  on  each  side,  and  without  any 
lateral  swelling  whatever.  "In  the  Hctcrocotylca,  too,  there  is  sure  to 
he  a  narrow  duct  passing  from  the  oviduct  opposite  the  entrance  of  the 
vitelloduct  to  the  right  limb  of  the  intestine.  This  genito-intestinal 
canal,  whose  true  relations  were  discovered  by  Ijima,  and  since  con- 
firmed by  Goto  and  all  who  have  examined  the  matter,  was  originally 
called  the  internal  vas  deferens  by  von  .Sicbold,  and  believed  to  be  con- 
nected with  the  testis,  close  to  which  it  passes.  It  was  then  looked 
upon  as  a  means  for  direct  internal  fertilization.  It  appears  to  serve 
for  the  conveyance  of  superfluous  yolk  to  the  intestines  which  will  serve 
as  food."     (Ray  Lankester.) 

I  wish  here  to  record  in  conuectiou  with  these  worms  an  observa- 
tion made  in  the  case  of  Chryscniys  scabra  and  also  in  Trionyx  fcrox. 
During  the  examination  of  these  turtles,  I  noticed  that  in  each  case 
there  was  a  consolidation  of  the  posterior  fourth  of  one  lung  in  the 
former,  and  one-third  in  the  latter.  In  each  case  the  diseased  portion 
was  removed  and  frozen  sections  made.  The  diseased  tissue  appeared 
to  be  a  hardened  mass  of  small  round  cysts,  some  containing  cheesv 
matter,  but  the  greater  portion  of  them  were  cysts,  which  to  the  naked 
eye  looked  transparent.  Even  in  the  case  where  the  ^gg  with  the 
brownish  shall  had  been  sectioned,  I  did  not  observe  any  segmenting 
or  development.  I  was  somewhat  surprised  to  find  that  beside  the 
inflammatory  exudation  and  consolidation  of  the  diseased  hmg.  through- 
out the  whole  section  were  to  be  seen  sections  of  brownish  yellow,  oval 
eggs,  which  resembled  the  eggs  of  Polystoma.  In  many  cases  merely 
the  oval  holes  were  left,  where  the  sectioned  eggs  had  dropped  out. 
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I,  at  once,  compared  the  measurements  and  found  that  Polystonia  eggs 
measure  in  P.  digitafuiii  oOu  and  l-")[.i,  2-5iiand  12|.i  and  25[.i  and  15[.i, 
in  P.  orhicitlare  0.21  and  0.24  mm.  in  diameter.  In  P.  aspidoncctes 
20[x  and  10[.i,  15|j,  and  lOi.1.  These  were  the  two  polystomes  found  in- 
festing the  turtles  diseased.  In  the  sections  of  diseased  lung,  the  eggs 
measured  30},i  and  20j.i,  15[,i  and  lOji,  none  were  larger  and  some  smaller, 
as  a  rule  those  in  the  sections  were  smaller  than  the  eggs  measured  in 
the  mounted  worms.  However,  the  measurements  are  so  close  and  the 
appearance  of  the  eggs  corresponds  so  closely  with  those  in  the  worms, 
that  one  is  forced  to  the  conclusion  that  the  condition  of  the  lung  in 
each  case  was  owing  to  the  deposit  of  great  numbers  of  polystoma  eggs. 
In  one  case  a  live  P.  dii::itatnin  was  found  in  a  bronchus  very  near  the 
diseased  mass.  I  also  think  that  the  pactions  showed  in  one  or  two 
instances^ the  cross  sections  of  the  larval  worm  itelf.  If  this  deduction 
is  true,  and  I  am  sure  it  is.  then  the  life  history  of  Polystoma  must  be 
changed,  at  least  in  some  instances.  In  each  of  the  turtles  examined, 
there  were  polystomes  in  the  urinary  bladder  and  also  in  the  nasal  cavi- 
ties. In  the  one  instance,  that  of  Trionyx  fcrox,  there  were  fifty  or 
sixty  worms  in  each  location.  This  subject  will  bear  further  study, 
although  I  believe  that  what  I  have  stated  above  will  be  found  correct. 


Polystoma  troosti,  sp.  nov. 
(Fig.  53) 

Host — Chryscmys  troosti. 

Habitat — Urinary  bladder. 

Locality — New  York  Aquarium.     Southern  States. 

On  May  23,  1916,  there  were  found  in  the  urinary  bladder  of  a 
Troost's  terrapin,  Chryscmys  troosti,  an  odd  Polystoma,  which  is  unlike 
any  other  polystoma  as  far  as  I  know,  which  has  been  hitherto  de- 
scribed. There  were  only  two  specimens  recovered,  but  as  they  aie 
fairly  perfect,  they  will  serve  for  description.  The  general  shape  is  as 
usual  with  these  worms,  an  oblong,  narrow  at  the  mouth,  wider  at  or 
about  the  middle  of  the  body,  and  again  narrowing  before  the  clinging 
disc  is  reached.  The  mortli  is  distinctly  teririnal  with  thick  lips,  which 
are  colored  dark  about  the  margins,  in  fact,  tlris  is  the  case  throughort 
the  whole  body.  The  skir  seems  very  dark  from  the  presence  of  pig- 
ment. The  pharynx,  which  is  c:ose  up  to  the  motith,  is  bowl-shaped, 
and  the  external  muscrlar  fibres  are  directed  aro-'nd  it,  giving  a  rather 
ragged  appearance.  It  is  large  and  rather  shallow,  and  is  followed 
closely  by  the  coeca  or  the  intestines.  These  are  wide  and  are  soon  lost 
in  the  vitellaria,  v/hich  are  very  plentiful  throughort  the  srrface  of  the 
body,  posteriorly  quite  to  near  the  disc.  A  short  distance  posteriorly 
and  between  the  coeca  is  seen  the  genital  pore  with  a  reiriarkably  armed 
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cirrus  and  anterior  to  the  opening-.  There  seem  to  be  three  layers  of 
hooks  or  spines,  fourteen  in  the  first  layer,  on  the  end  of  the  cirrus, 
piled  one  on  top  of  the  other  from  a  central  point.  The  spines  are  long, 
and  each  is  divided  at  its  outer  extremity  or  root  into  three  or  four 
filaments,  all  pointing  posteriorly,  or  towards  the  body  of  the  penis 
forming  an  unusually-shaped  coronet.  The  vas  deferens  winds  forward 
to  form  a  seminal  vesicle  before  reaching  the  genital  pore.  In  the  uterus 
near  the  genital  i)ore,  a  relatively  large  round  yellow  egg  occupies  the 
distended  organ.  The  surface  of  the  tgg  is  wrinkled  from  contraction. 
The  ovary  is  small  and  elongated  to  about  .40  mm.  long  by  .10  mm. 
wide,  and  it  is  coiled  upon  itself  on  its  way  anteriorly.  The  ^gg  is 
roundish  and  about  .30  mm.  in  diameter.  The  testis  is  large,  being  .80 
mm.  in  diameter.  On  the  anterior  surface  of  the  ovary,  a  small  semi- 
nal reservoir,  or  widening  of  the  two  vaginae  at  their  junction,  is  seen, 
and  from  this  point  a  tube  leads  to  the  oviduct.  The  shell  gland  can 
not  be  made  out,  nor  is  the  uterus  well  defined,  being  distended  out 
of  all  shape  by  the  immense  tgg.  The  mouths  of  the  vaginae  may  be 
seen  among  the  vitellaria  on  each  side  opposite  the  genital  pore.  The 
vitellaria  are  unusually  abundant  throughout  the  body,  rendering  it 
difficult  to  trace  the  various  organs.  The  vitelline  ducts  are  plainly 
visible  joining  the  oviduct.  The  clinging  disc  is  rather  irregularly 
shaped  and  supports  six  suckers.  These  are  not  quite  like  any  others. 
They  are  surrounded  on  their  margin  by  a  flat,  thick  ring  on  which 
it  is  difficult  to  see  the  chitinous  spines,  they  are  so  small.  This  whole 
ring  seems  to  be  lifted  up  from  the  structure  below,  making  the  sucker 
more  deeply  cupped.  In  the  interior  of  the  sucker,  and  surrounding 
its  inner  surface,  there  are  a  great  number  of  small  narrow  finger-like 
processes,  rods,  or  folds  placed  closely  side  by  side  and  attached  by 
their  bases  to  the  inner  margin  of  the  marginal  flat  ring,  or  else  they 
may  be  attached  to  another  ring  just  inside  of  the  outer  one.  They  are 
all  directed  towards  the  centre  and  are  of  about  equal  length,  leaving 
the  usual  round  hole  in  the  centre  or  base  of  the  sucker.  They  tend 
to  keep  the  sucker  in  its  concave  shape  and  seem  to  terminate  at  an- 
other thickened  ring  which  surrounds  at  a  little  distance  the  thin  basal 
circular  portion,  and  here  is  another  marginal  fringe  of  short  free  ends 
of  folds  which  are  somewhat  like  those  in  the  central  or  concave  por- 
tion of  the  sucker,  only  their  inner  or  basal  ends  are  free,  and  no  doubt, 
their  function  is  to  close  up  the  circular  space  and  thus  render  the  vac- 
uum more  perfect,  for  of  course,  it  is  in  this  way  the  suckers  function- 
ate under  the  influence  of  muscular  fibres  attached  to  the  bottom  of  the 
sucker  causing  a  vacuum.  There  is  in  the  bottom  of  some  of  the 
suckers  of  this  worm  a  small  hook  which  is  the  only  hook  on  the  coty- 
lophore.  The  flat  marginal  semi-elastic  chitinous  ring  with  its  chitinous 
spines  fixed  on  broad  convex  bases  is  without  doul)t,  the  foundation  of 
these  suckers  in  all  ])olystomes.  It  kee])s  in  shape  the  apj)liancc  ready 
at  a  moment's  notice  for  attacliiuent  at  the  will  of  the  worm. 
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The  water  vascular  system  terminates  in  two  pores  one  on  each 
side  a  little  anterior  to  the  genital  pore. 

Measurements  of  P.  troosti 

Length   4.00  mm. 

Width 1.00  mm. 

Diameter  of  disc 80  mm. 

Diameter  of  each  sucker 20  mm. 


Poly  stoma  inerme,  sp.  nov. 
(Fig.  53) 

Host — Chryseiiiys  elegans. 
Habitat — Urinary  bladder. 
Locality — New  York  Aquarium. 

From  the  host,  Cumberland  turtle,  Chrysemys  elegans,  I  am  able 
to  describe  what  appear  to  be  three  new  forms  of  polystomes ;  viz. :  P. 
elegans,  P.  albicollis,  and  P.  inerme.  At  first  I  thought  this  must  be 
a  record,  but  I  find  that  Stunkard  had  also  been  able  to  describe  three 
forms  from  a  host  Chrysemys  marginafa;  viz.:  P.  orbiculare,  P.  me^'^a- 
cotyle,  and  P.  microcotyle.  The  third  and  last  worm  found  in  the  uri- 
nary bladder  of  Chrysemys  elegans,  is  not  large,  but  quite  interesting. 
It  is  quite  pointed  at  the  head,  and  presents  at  the  posterior  end  a  disc 
which  is  as  wide  as  the  widest  part  of  the  body.  It  is  wider  from  side 
to  side  than  it  is  deep,  and  presents  on  its  surface  six  suckers,  which 
are  placed  three  at  each  side.  The  first  two  being  a  little  farthe.-  apart 
than  the  two  posterior  ones.  No  hooks  whatever,  are  seen,  and  the 
disc  itself  is  separated  from  the  body  by  a  distinct  line  which  gives 
the  impression  that  the  disc  is  raised  above  the  posterior  end  of  the 
body,  but  this  may  be  only  muscular,  for  all  of  the  specimens  do  not 
show  this.  The  mouth  is  circular  and  subterminal,  as  usual,  and  is  a 
short  distance  from  the  pharynx  which  seems  to  be  connected  by  a 
short  oesophagus.  The  pharynx  is  a  circular  muscular  bowl  closelv 
connected  with  the  intestine,  which  divides  into  two  long  coeca  reaching- 
quite  to  the  disc.  The  cirrus  and  uterus  present  at  the  genital  pore. 
The  coronet  in  the  three  specimens  before  mc  is  differently  supplied 
v/ith  hooks,  there  being  Ki,  17.  and  1-5.  This  would  go  to  show  that 
the  number  of  hooks  on  the  coronet  cannot  be  taken  as  a  point  of  diag- 
nosis for  they  often  vary  in  nrmbcr.  The  cirrus  sac  is  large  relatively 
and  the  uterus  is  a  good-sized  fusiform  sac,  both  presenting  at  the 
genital  pore.  The  ovary  is  situated  on  the  right  side  in  all  these  speci- 
mens, and  here  I  may  say  that  it  has  been  my  experience  to  find  these 
internal  organs  uniform,  in  the  same  positions  in  the  body,  as  one  would 
expect.     The  ovary  is  not  large,  it  is  club-shaped,  the  large  end  near 
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the  side  of  the  body  cavity,  and  the  small  end  the  oviduct.  This  is  short 
in  its  connection  with  the  uterus.  There  are  two  vaginae  very  plainly 
seen,  and  although  the  eminences  on  the  sides  are  not  high,  yet  they 
are  there  and  a  number  of  entrances  can  be  made  out.  \Miere  these 
vaginae  meet  near  the  oviduct,  they  enter  a  small  sac,  from  which  a 
tube  enters  the  oviduct.  Here  too,  may  be  seen  the  canalis  genito 
intestinalis  emptying  into  the  intestine.  Laurer's  canal  can  not  be 
immistakably  made  out  as  usual.  The  vas  deferens  arises  in  this  case 
by  two  distinct  branches,  which  shortly  unite.  The  ootvpe  is  plainly 
visible,  as  is  also  the  shell  gland.  The  testis  is  a  single,  large,  roughly 
rounded  organ  situated  in  the  middle  of  the  body.  The  vitellaria 
are  very  profuse,  and  extend  from  the  pharynx  to  half  way  across 
the  disc.  In  fact,  these  glands  so  cover  the  body,  that  only  the  two 
outlets  of  the  excretory  systems  may  be  seen.  These  are  large,  one  on 
each  side  anterior  to  the  genital  pore. 

McasiirciJieuts  of  P.  incrme 

Length     4.00-5.40  mm. 

Widdi    1.50-2.00  mm. 

Disc,    wide    2.00  mm. 

Disc,  deep   1.20  mm. 

Head    .GO  mm. 

Each  sucker   .40  mm. 

Testis     1.00  mm. 


Polystoma  albicoJlis,  sp.  nov. 
(Fig.  54) 

In  the  urinary  bladder  of -a  Cumberland  turtle,  Chrysonys  clcgans, 
there  were  found  on  Januaryv20,  1917,  three  polystomes,  which  I  de- 
scribe below  in  the  belief  thai  they  are  new;  if  not,  then  it  is  the  fault 
of  my  reference;  and  it  docs  not  matter. 

They  are  as  usual  in  the  genus,  elongated  with  a  powerful  adher- 
ing disc,  fortified,  in  this  case,  with  long  hooks  thereon  ;  two  long  ones 
and  two  shorter  ones  between  the  two  middle  posterior  suckers. 

The  mouth  is  somewhat  sub-terminal,  large  and  communicates  with 
the  pharynx  by  a  short  oesophagus.  In  front  of  the  pharynx,  the  head 
is  marked  by  a  light  colored  band,  forming  a  sort  of  neck.  This  is 
caused  by  the  absence,  in  that  particular  zone,  of  the  unicellular  bodies 
and  other  cells.  The  i)harynx  is  almost  globular,  the  muscular  fibres 
of  which  run  in  a  more  or  less  circular  direction,  giving  it  great  strength. 
Just  behind,  on  each  side  of  this  body  is  a  large  opening,  the  excretory 
fjore.  The  intestinal  coeca  divide  at  the  posterior  lower  border  of  the 
pharynx,  and  jjrcjcccd  backward  under  or  among  the  profuse  vitellaria. 
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Poly  stoma  elegans,  sp.  nov. 
(Fig.  55) 

Host — Chrysemys  elegans. 
Habitat — Urinary  bladder. 
Locality — New  York    Aquarium. 

On  Januarv  20,  IDIT,  there  was  found  in  the  urinary  bladder  of  a 
Cumberland  turtle.  Chrysemys  elegans,  a  polystome  which  appears  to 
be  a  new  species.  It  is  somewhat  larger  than  those  usually  found  in 
the  urinary  bladder  of  turtles,  measuring  nine  mm.  in  length  by  two 
mm.  in  width  at  its  widest  part  which  is  across  the  portion  of  the  body 
where  the  genital  junction  is  situated.  The  diameter  of  the  clinging 
disc  is  two  and  one-half  mm.  Across  the  mouth  it  is  60|j..  The 
mouth  is  sub-terminal  and  large,  and  presents  apparently  a  small  suck- 
er on  each  side  just  within  its  margin.  A  short  distance  behind  the 
mouth  is  the  pharynx,  which  is  fairly  large.  The  intestinal  ceca  divide 
at  once  behind  the  pharynx,  and  in  the  angle  formed  is  a  mass  of  deeply- 
stained  unicellular  glands  and  a  few  masses  of  vitellaria. 

Still  further  posteriorly  is  seen  the  coronet  or  armed  end  of  the 
cirrus  which  is  large  and  very  prominent.  The  armature  consists  of  a 
circle  of  hooks  or  spines,  seventeen  in  number,  which,  at  their  outer 
extremity,  are  divided  each  into  two  or  three  small  branches,  in  fact, 
in  some  there  are  six  or  eight  branches,  making  each  spine  look  like 
a  miniature  brush.  These  are  the  roots  for  muscular  attachment.  Each 
spine  is  20[,i  long  and  encloses  a  circular  space.  The  whole  end  of  the 
cirrus  measures  75^1  in  diameter.  A  very  short  distance  posterior  to 
this  is  the  vesicula  seminalis,  which  is  pear-shaped  or  fusiform.  The 
small  end  being  directed  posteriorly  in  the  form  of  the  vas  deferens 
which  is  seen  coming  from  the  anterior  end  of  the  testis.  Behind  and 
to  the  left  of  the  cirrus  head  is  a  relatively  immense  Qg,g,  which  is  yel- 
low, roundish,  and  somewhat  wrinkled ;  longest  diameter,  120|.i.  It 
seems  to  occupy  the  whole  uterus,  which  in  these  worms  is  only  capable 
of  holding  one  (^i:^^  at  a  time.  Behind  the  uterus  and  to  the  left,  is 
seen  the  ovarv  which  is  oblong,  .(JO  mm.  x  .20  mm.  and  three  times 
as  long  as  it  is  wide.  It  is  placed  somewhat  obliquely  across  the  body 
and  to  its  left,  on  the  side  of  the  worm,  is  seen  the  single  prominence 
which  indicates  the  presence  of  the  many  openings  into  the  single  va- 
gina. The  other  vagina  may  be  present  but  cannot  be  made  out.  The 
testis  is  an  oval  large  body,  l.HO  mm.  long  by  .SO  mm.  wide.  The 
vitellaria  are  exceedingly  abundant,  and  present  a  general  tube,  almost 
surrounding  the  central  portion  of  the  body.  Some  of  the  vitelline 
masses  extend  into  the  sucker  disc.  The  genital  junction  is  situated 
between  the  ovary  and  the  uterus,  but  no  seminal  reservoir  or  shell 
gland  can  be  seen. 

The  sucker  disc,  2.20  mm.  in  diameter,  has  on  its  surface  six  suck- 
ers which  are  different  from  those  of  other  polystomes.    They  are  cir- 
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cular  and  deeply  cupped,  and  are  surrounded  by  the  usual  flat  chitinous 
ring,  on  which,  at  equal  distances  from  each  other,  are  forty-eight  little 
spines  attached  to  the  ring  by  a  circular  base,  which  is  convex  and  much 
wider  than  the  spine.  In  the  centre  of  the  bottom  of  the  cup  is  a  cir- 
cular opening  only  covered  by  a  membrane,  and  surrounding  it  is  an- 
other thickened  ring.  Extending  from  the  inner  margin  of  the  large 
outer  chitinous  ring  is  a  membrane  which  extends  toward  the  bottom, 
having  its  central  margin  irregularly  torn  as  it  were,  not  appearing  in 
the  forms  of  regular  processes,  as  in  some  polystomes.  The  sucker 
disc  is  an  irregular-shaped  block,  and  the  six  suckers  are  placed  well 
back  from  its  margin.  The  suckers  measure  .40  mm.  in  diameter. 
There  are  no  hooks  whatever  on  the  disc  nor  is  there  one  in  the  bottom 
of  the  sucker. 


Polvstoiiia  spinulosuvi,  sp.  nov. 
(Fig.  56) 

Host — Chryscmys  picta. 
Habitat — Urinary  bladder. 
Locality — New   York   Aquarium. 

The  above  trematode  was  found  in  the  urinary  bladder  of  a  painted 
turtle,  Chrysemys  picta,  on  December  18,  1912.  As  far  as  could  be 
observed  it  was  solitary.  It  has  some  peculiarities  which  others  of  this 
genus  have  not,  so  that  it  is  thought  proper  to  put  it  on  record  as  a  new 
species.  The  mouth  is  large  and  situated  at  the  bottom  of  a  terminal 
cup-shaped  depression,  the  lips  of  which  are  rather  thick.  The  oeso- 
phagus is  not  long  and  terminates  in  the  usual  bowl-shaped  pharynx, 
which,  in  almost  all  of  these  worms,  is  the  powerful  suctorial  apparatus. 
In  front  of  the  pharynx  and  surrounding  the  head  of  the  worm  is  a 
ring,  which  is  whiter  than  the  rest  of  the  region,  giving  it  the  appear- 
ance of  having  a  sort  of  collar,  which  is  conspicuous.  The  intestines 
start  from  the  lower  and  back  part  of  the  pharynx  and  extend  almost 
to  the  disc  posteriorly.  In  the  angle  of  the  division  of  the  coeca,  the 
conspicuous  head  of  the  cirrus  is  seen,  armed  as  usual  with  irregularly- 
shaped  spines,  or  hooks,  which  are  somewhat  clubbed  and  split  at  their 
outer  extremities  or  roots  for  muscular  attachment.  Behind  this  and 
almost  in  contact  with  it,  is  the  pear-shaped  uterus  with  the  base  toward 
the  genital  pore  which  is  at  the  cirrus  head.  Toward  the  other  side  of 
the  body,  or  the  left  side,  is  the  ovary  which  is  elongated  and  curved, 
and  behind  this  is  the  single  testis  which  is  very  large,  perhaps  four 
times  as  large  as  the  ovary.  From  the  anterior  end  of  the  testis  is 
seen  the  vas  deferens,  which  coils  dorsal  to  the  ovary  and  ends  in  a 
cirrus  sac,  which  encloses  the  cirrus.  From  the  left,  lower  side  of  the 
ovary,  the  oviduct  arises  and  coils  upward  and  forward  to  terminate  in 
the  uterus.     In  this  case,  the  genital  junction  occurs  dorsal  to  the  pos- 
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terior  end  of  the  ovary,  and  the  ootype  and  shell  gland  are  plainly 
visible.  There  are  two  vaginae,  which  are  situated  one  on  each  side, 
opposite  the  lower  or  posterior  end  of  the  ovary.  They  are  both  only 
large  uneven  openings  and  the  vaginae  meet  from  each  side  to  connect 
with  the  oviduct.  The  vitelline  ducts  can  not  be  made  out,  but  they 
must  also  terminate  near  the  same  location.  The  vitellaria  are  verv 
profuse  and  cover  the  most  of  the  body  from  the  pharynx  to  the  disc. 
The  disc  is  an  unusual  structure.  There  are  six  suckers,  each  hav- 
ing on  the  surrounding,  flat,  chitinous  ring  about  forty  chitinous  spines 
attached  to  a  circular  placque,  while  between  each  pair,  there  are  one 
or  two  hair-like  bristles  or  spines,  which  would  tend  to  give  greater 
adhesive  properties  to  the  sucker.  There  is  the  usual  small  sucker  disc 
at  the  bottom  of  each  of  the  main  suckers.  There  are  many  muscular 
bands  which  run  from  the  disc  up  into  the  body  of  the  worm,  by  which 
it  may  be  controlled. 

Measurements  of  P.  spiniilosiDU 

Length   5. GO  mm. 

Width     1.80  mm. 

Disc    2.00  mm. 

.    Testis 1.00  mm. 

Head    40  mm. 

Ovary     40  mm. 


Polystoiiia  chelodinae,  sp.  nov. 
CFig.  57) 

Host — Chelodina  longicollis. 

Habitat — Urinary  bladder. 

Locality — Xew  York  Zoological  Park   (from  Australia). 

This  small  trematode  was  found  in  the  urinary  bladder  of  a  small 
long-necked  turtle,  Chelodina  longicollis,  Australia,  and  obtained  from 
the  Xew  York  Zoological  Park. 

There  is  nothing  unusual  about  its  conformation.  The  mouth  is 
subterminal  and  the  lip  is  unusally  thick.  The  orifice  in  life  was  sur- 
rounded by  numerous  papillae,  probably  folds  of  the  lip,  which  have 
disappearerl  under  pressure.  The  pharynx  is  very  large  relatively,  and 
the  coeca  divide  at  its  back.  These  latter  are  large  and  extend  almost 
to  the  posterior  disc.  The  genital  pore  is  situated  some  distance  pos- 
terior to  the  division  of  the  coeca,  and  is  overhung  l)y  the  cirrus  head, 
which  has  a  coronet  of  15  hooks.  The  uterus  is  an  oblong  bag,  pre- 
senting its  mouth  at  the  genital  pore.  The  ovary  is  situated  at  the 
junction  of  the  anterior  and  middle  thirds  of  the  bofly  on  the  right 
side,  and  its  oviduct  first  runs  posteriorly  until  it  meets  the  duct   from 
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the  vagina,  which  opens  about  the  middle  of  the  left  side  on  an  emi- 
nence.   No  seminal  reservoir  is  seen. 

The  testis  is  large  and  round.  The  vitellaria  very  plentiful.  Tlie 
clinging  disc  is  short,  but  wide  and  extends  beyond  both  sides  of  the 
body.  It  is  not  more  than  two-thirds  as  deep  as  it  is  wide,  and  the 
suckers  are  placed  in  two  parallel  lines  across  the  diameter  of  the  body. 
The  suckers  are  large  and  apparently  of  the  usual  construction.  There 
are  no  hooks  whatever  on  its  surface. 

Measurements  of  P.  chelodinac 

Length     3. .50  mm. 

Width    1.00  mm. 

Disc    1.75  mm. 

Head  across    GO|i 

Testis    40li 

Ovary     20[.i 

Mouth  across    30u 

Pharynx     o.oli 

Suckers    30j^i 

Egg  around    lOu 

Coronet    15  hooks 


Polystoma  digitatnni,  sp.  nov. 
(Fig.  58,  58a  and  58b.) 

Host — Aspidoncctes  spinifer. 
Habitat — Nasal  cavities. 
Locality — New  York  Aquarium. 

In  the  nasal  cavities  of  a  soft-shelled  turtle,  Aspidoncctes  spinifer 
(Le  Sueur),  there  were  found  on  February  5,  1913,  three  trematodes 
which,  as  far  as  I  know,  are  of  a  new  species. 

The  worm  is  not  large,  quite  pointed  at  the  head,  but  the  most 
conspicuous  feature  is  the  relatively  large  posterior  clinging  sucker 
disc,  which,  as  is  very  common  with  the  Polystomidae  bears  six  suckers. 
These  latter  are  also  peculiar,  inasmuch  as  they  differ  from  other  spe- 
cies in  being  situated  each  at  the  end  of  a  digit,  while  in  others  the 
sucker  is  placed  directlv  on  the  surface  of  the  disc  block,  each  being 
deeply  cupped.*  In  this  species,  the  disc  is  something  like  that  of  the 
Diclidophora.  The  suckers  themselves  are  quite  different,  for  each  is 
surrounded  by  the  usual  flat  chitinous  ring  in  which  are  placed  a  great 

_  *This  species  has  since  also  been  found  in  a  Southern  soft-shelled  turtle, 
Trionyx  ferox ;  as  many  as  fifty  were  found  in  the  nostrils  of  one  turtle.  The 
specimens  were  larger. 
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number  of  chitinous  spines  equidistant  from  each  other,  and  with  a 
smaH  hook  in  the  base  of  each.  Muscular  strands,  which  control  the 
suckers,  can  be  seen  extending  up  into  the  body.  The  enclosed  cup-like 
cavity  has  a  circular-covered  opening  at  the  bottom,  but  attached  to 
the  inner  margin  of  the  flat  ring  is  a  membrane  which  almost  encloses 
the  cavity,  only  a  semi-circular  opening  being  left  at  one  side.  The 
disc,  itself,  is  marked  ofif  from  the  body  by  a  ridge  indicating  the  at- 
tachment, the  body  extending  dorsally  to  the  disc.  The  anterior  end 
or  mouth  is  cup-shaped  with  thick  lips  capable  of  extension.  The 
mouth  proper  appearing  at  the  bottom  of  the  depressed  portion.  A 
gullet  or  oesophagus  may  be  seen  extending  to  the  pharynx  which  is  a 
bowl-shaped  muscular  structure,  situated  just  posterior  to  what  is  a 
neck  marked  out  by  a  narrow  band  or  ring,  which  is  almost  devoid  of 
the  usual  cells  in  the  parenchyma  which  stain.  The  intestinal  coeca  are 
not  very  evident,  being  enclosed  by  the  vitellaria  and  highly-colored 
stained  tissues  of  the  body.  In  the  center  of  the  body,  within  the  angle 
of  the  ceca  and  a  short  distance  posterior  to  the  pharynx,  is  seen  the 
prominent  head  of  the  cirrus  surrounded  by  its  armature  of  31-35 
spines.  There  are  sometimes  thirty-six  of  these  spines,  and  they  are 
of  peculiar  shape,  being  long  and  very  slender  at  their  base,  but  toward 
the  outer  extremity  or  root  being  much  thickened  by  the  divisions, 
which  lie  close  to  the  center  or  stem  and  give  attachment  to  muscular 
fibres.  They,  too,  are  directed  outward  and  backward.  The  vas  defer- 
ens which  rises  from  the  anterior  end  or  side  of  the  roundish  single 
testis,  winds  up  along  the  right  side  of  the  worm,  just  inside  of  the 
vitellaria  to  terminate  in  a  cirrus  sac,  in  which  the  cirrus  is  enclosed 
up  to  the  edge  of  the  genital  opening.  The  uterus,  a  more  or  less  pear- 
shaped,  hollow  structure  with  the  mouth  at  the  base  directed  forward 
toward  the  genital  pore,  is  not  large  and  receives  the  coiling  oviduct 
from  the  ovary.  This  is  not  long,  but  is  seen  to  receive  the  vagina 
and  also  the  vitelline  ducts.  No  shell  gland  can  be  made  out,  nor  is 
there  a  seminal  reservoir  to  be  seen  in  the  course  of  cither  of  the 
vaginae.  The  genital  junction  is  plainly  seen  between  the  anterior  end 
of  the  testis  and  the  ovary  a  short  distance  in  front  of  it.  The  testis 
is  round  and  about  three  times  as  large  as  the  ovary.  The  vaginae  open 
on  each  side  of  the  body,  a  little  in  advance  of  the  level  of  the  anterior 
edge  of  the  testis.  The  vaginal  orifice  is  a  large  corrugated  single  open- 
ing without  any  jirominence  on  the  surface  of  the  skin.  The  vaginae 
can  be  seen  making  their  way  to  join  the  oviduct.  This  is  perhaps 
unusual,  but  is  certainly  present. 

For  classification,  worm  is  elongated,  skin  thick  and  corrugated. 
The  vaginae  not  arising  on  eminence  on  each  side,  large  clinging  disc 
with  each  sucker  placed  on  a  digit. 

Measurements  of  rolystoiiia  digitafuiu 

Length     !•<»"  mm. 

Width    80  mm. 
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Disc    1.40  mm. 

Testis     60  mm. 

Ovary    30  mm. 

Pharynx    20  mm. 

Length  of  digit  (including  sucker) 40  mm. 

Diameter  of  sucker 30  mm. 


Polystoma  aspidonectis,  sp.  nov. 
(Fig.  59) 

Host — Trionyx  fero.v. 

Habitat — Nasal  cavities,  lung  and   intestines. 

Locality — New  York  Aquarium. 

On  May  10,  1916,  these  trematodes,  of  which  there  were  collected 
five  from  the  same  host ;  four  were  from  the  intestine  and  one  from 
the  lung.  From  the  same  host,  soft-shelled  turtle,  Trionyx  ferox,  there 
were  also  collected  from  the  nasal  cavities  four  larger  forms  which  I 
have  ventured  to  name  P.  riigosa  for  the  reason  given  in  its  descrip- 
tion. It  seems  rather  odd  that  while  these  worms  are  usually  found 
in  the  nasal  cavities  or  urinary  bladder,  they  were  in  the  case  of  P. 
aspidonectis  found  in  the  intestine  and  lung  and  not  in  the  nostrils, 
although  they  might  easily  have  wandered  away  from  the  natural 
habitat,  if  they  were  not  driven  away  by  P.  riigosa. 

P.  aspidonectis,  as  will  be  seen  by  the  measurements,  is  small, 
probably  one  of  the  smallest  polystomes  yet  observed.  To  prove  that 
they  are  adults,  one  has  only  to  notice  the  relatively  immense  egg^ 
which  distends  the  uterus,  apparently  to  its  fullest  capacity.  The  mouth 
is  rather  large  and  more  or  less  terminal,  and  round  in  shape.  The 
pharynx  is  but  a  short  distance  posterior  to  the  mouth,  and  is  bowl 
shaped,  almost  round,  and  the  intestinal  ceca  seem  to  be  given  off  at 
once.  Their  course,  however,  can  not  be  seen  or  followed  on  account 
of  the  vitellaria  and  dense  cellular  structure  in  this  region.  In  the 
centre  of  the  bodv,  and  a  short  distance  posterior  is  seen  the  very  promi- 
nent armed  head  of  the  cirrus.  It  has  seventeen  rather  long  spines, 
which  concentrate  from  outward  and  backward.  Each  spine  is  branched 
at  its  outer  extremity,  and  the  whole  number  are  piled  on  one  another 
and  are  somewhat  tangled  together.  The  vas  deferens,  which  leads 
from  the  anterior  surface  of  the  large  oval  single  testis,  passes  dorsal 
to  the  uterus  containing  the  tg,g.  The  uterus  which  is  situated  imme- 
diately behind  the  cirrus  head,  where  presumably  the  genital  pore  is. 
cannot  well  be  made  out,  for  it  can  only  contain  one  egg  at  a  time 
and  is  distended  to  such  a  thin  sac  that  it  can  not  be  seen,  although 
the  oviduct  may  be  seen  leading  up  to  it  from  the  ovary. 
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The  ovary  is  rather  small,  situated  in  front  of  and  to  the  left  of 
the  testis  and  about  one-quarter  or  one-third  of  its  size.  On  each  side 
of  the  worm  and  almost  on  a  level  with  the  anterior  edge  of  the  ovary, 
may  be  seen  the  raised  openings  of  the  vaginae.  These  lead  backward 
and  inward  to  join  the  oviduct,  but  no  dilatation  indicating  a  seminal 
reservoir  can  be  seen.  The  vitelaria  are  plentiful  along  the  sides  of 
the  worm,  and  the  vitelline  ducts  can  be  seen  proceeding  to  join  the 
oviduct  between  the  testis  and  the  ovary,  where  is  situated  the  genital 
junction.  The  disc  is  the  most  prominent  feature  of  the  body,  situated 
at  the  posterior  end,  it  is  a  more  or  less  quadrangular  block,  on  which 
are  placed  six  suckers  of  peculiar  formation.  They  are  cup-shaped  as 
usual,  surrounded  on  their  margins  by  a  flat  chitinous  ring,  upon  which 
may  be  seen  thirty-two  spines,  placed  at  equal  distances  from  each  other 
around  the  whole  circumference,  and  between  each  pair  of  spines, 
there  appears  in  some  cases  quite  plainly  a  Y-shaped  hook.  This  may 
not  be  certain,  on  account  of  the  material  at  hand,  but  the  appearance 
is  stronglv  suggested.  Inside  the  sucker  at  its  bottom,  is  a  circular- 
covered  hole  as  usual,  which  is  surrounded  by  a  membrane  in  folds,  the 
outer  margin  of  which  is  attached  to  the  marginal  chitinous  ring.  No 
large  hooks  are  seen  on  the  disc  as  in  the  P.  iiifcgcrriinnui,  but  there; 
is  a  small  one  at  the  base  of  each  sucker. 

For  the  purpose  of  classification,  the  body  may  be  said  to  be  long, 
narrow  and  straight ;  cirrus  with  an  armature  of  seventeen  hooks,  two ' 
vaginae,  egg  almost  oval,  large,  and  yellow. 

Measurements  of  P.  aspidoncctis 

Length     2. GO  mm. 

Width     40  mm. 

Disc    'SO  mm. 

Egg    20  mm. 

Testis 00  mm. 

Ovarv     20  mm.         •  ' 


Polystoma  rngosa.  sp.  nov. 
(Fig.  GO) 

Host — Trionyx  fcrox. 

Habitat — Nostrils. 

Locality — New  York  .\c|uariuni. 

Obtained  from  the  nostrils  of  a  Southern  soft-shelled  turtle,  Tri- 
onyx fcrox,  on  May  10,  191G.  This  Polystoma  is  small,  short,  and 
rather  broad,  anterior  end  wide  in  proportion  to  length,  however,  the 
four  specimens  under  observation  have  all  a  peculiar  corrugated  skin. 
In  fact,  the  skin  appears  thick  and  is  thrown  into  more  or  less  trans- 
verse folds  which  extend  from  the  neck  to  the  sucker  disc,  giving  the 


^i.  p. 


FIG.  00.     PODS  TOM. -I  RUGOS.-I. 
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impression  that  the  whole  body  may  be  capable  of  great  extension. 
They  were  found  in  the  nostrils  of  their  host. 

The  mouth  is  large  and  terminal  with  the  bowl-shaped  circular 
pharynx  close  to  it,  in  fact,  immediately  posterior  to  the  mouth  and 
apparently,  but  a  continuation  of  the  same.  The  dorsal  edge  of  the 
mouth  or  lip  is  very  prominent.  There  is  but  the  shortest  possible 
neck.  The  pharynx  is  almost  as  wide  as  the  mouth  and  posteriorly  it 
empties  immediately  into  the  intestine,  there  being  no  oesophagus.  The 
intestine  branches  almost  immediately  behind  the  pharynx,  which  in- 
deed may  be  said  to  enter  the  intestine.  This  latter  structure  is  very 
wide  and  extends  in  a  wide  arch  to  each  side,  and  proceeds  posteriorly 
to  the  anterior  margin  of  the  sucker  disc  on  each  side,  but  does  not 
seem  to  be  continuous,  although  the  cecal  ends  come  closely  together. 
Between  these  ends,  and  a  little  anterior  to  them  may  be  seen  a  large 
opening,  the  excretory  pore,  the  posterior  edge  of  which  seems  to  be 
connected  with  the  disc  by  a  rather  wide  band.  This  band-like  struc- 
ture may  be  a  wide  tube,  which  plainly  appears  to  connect  with  the 
base  of  each  of  the  first  suckers.  The  edges  of  this  tube  are  also  cor- 
rugated. The  disc  is  a  more  or  less  quadrangular  body  with  six  cup- 
shaped  suckers,  so  placed  that  there  are  two  side-by-side  next  to  the 
body,  and  four  others,  situated  around  the  edges  of  the  distal  margin. 
They  are  of  an  equal  size  and  are  circular.  x\round  the  margin  of 
each,  which  is  in  the  form  of  a  flat  chitinous  ring,  there  are  about 
thirty-two  small  spines,  each  set  on  a  small  chitinous  placque  on  the 
margin  of  the  ring.  Inside  of  this  is  another  ring,  to  which  is  attached, 
what  apears  to  be  a  membrane  with  fibrous  striae  radiating  rfom  its 
outer  margin,  forming  an  opening  in  the  center,  and  in  the  center  of 
this  and  of  the  sucker  is  a  round-covered  opening  which  is  again  sur- 
rounded with  a  thickened  margin.  The  whole  disc  is  seen  to  be  sur- 
rounded by  a  narrow  membranous  edge.  Within  the  arch  of  the  in- 
testines is  the  genital  aperture,  where  the  mouth  of  the  uterus  is  seen, 
and  in  one  case  there  is  present  a  large,  yellow,  fusiform  e.gg  without 
any  polar  filaments.  Behind  the  genital  pore  is  the  large,  single,  more 
or  less  oval  testis,  placed  directly  across  the  body.  The  ovary  is  small 
and  oblong,  and  is  situated  in  front  of  and  to  the  right  of  the  testis, 
lengthwise  of  the  body.  The  uterus  is  a  more  or  less  conical  sac,  capable 
of  holding  one  egg  at  a  time.  Cirrus  has  no  coronet,  at  least  it  is  not 
seen  in  any  of  the  specimens. 

On  each  side,  a  little  posterior  to  the  level  of  the  genital  pore  may 
be  seen  the  vaginal  orifice,  a  rather  large,  round,  open  pore,  and  in  front 
of  these  on  each  side  an  excretory  pore.  The  vitellaria  are  quite  plen- 
tiful, extending  in  golden-colored  masses  throughout  most  of  the  sur- 
face of  the  body.  Xo  hooks  are  seen  between  the  two  central  posterior 
suckers  or  elsewhere  in  many  specimens  of  this  worm  examined. 

On  further  study  of  these  worms,  I  would  say  that  until  more  ma- 
terial can  be  obtained  so  that  the  bodv  mav  be  sectioned,  there  are  some 
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points  which  ca  not  be  cleared  up.  For  instance,  no  cirrus  or  coronet 
can  be  seen  in  any  of  the  four  worms,  one  worm  being  spoiled  and  an- 
other so  thickly  studded  with  escaped  vitelline  material  that  the  internal 
organs  cannot  be  studied.  In  the  remaining  two  worms,  which  are 
perfect  specimens,  the  uterus  is  occupied  with  a  very  large  oblong  egg 
obscuring  the  genital  pore  in  one  case,  and  the  very  large  testis  in 
each  almost  covers  the  entire  field  in  this  important  region.  Then  it 
nmst  be  said  that  the  corrugated  skin  extends  across  the  body,  in  coarse 
ridges  and  at  the  junction  of  the  disc  with  the  body,  a  deep  groove 
seems  to  almost  separate  it  from  the  body,  although  the  mentioned 
wide  band  or  duct  from  what  appears  to  be  a  large  excretory  pore  is 
not  affected,  but  plainly  retains  its  position. 

Mcasiiroiicnts  of  P.  nigosa 

Length   -i.OO  mm. 

Width     2,00  mm. 

Width  of  disc    1.40  mm. 

Width  of  mouth  end 40  mm. 

Egg  length    40  mm. 

Egg   width    20  mm. 

Testis   length <50  mm. 

Testis  width    -'^O  mm. 

Ovary  length    20  mm. 

Ovary   width    1")  mm. 

Diameter  of  suckers  on  disc   lOji 

Width  of  mouth    30^ 

Width  of  pharynx    4r)|.i 
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ABBREVIATIONS 


Abbreviations  in  explanation  of  plates : 

a. — anus  o.s. — oral  sucker 

b.c. — buccal  sucker  ov. — ovary 

b. — bursa  oot.— ootype 

b.c.j. — bulbus  cjaculatorius  oc. — oesopbagus 

c.s. — caudal  sucker  ov.d. — oviduct 

c.s. — cirrus  sac  0€s.g. — oesophageal  gianc 

c.p. — cirrus  poucb  ph. — pharynx 

cl. — cloaca  or  genital  pore  j).p. — pars  prostatica 


ce. — coeca. 

cor.^ — coronet 

c. — cirrus 

c.gl. — cement  glands 

d.cj. — Ductus  ejactdatorius 

e. — eye 

ex.p. — excretory  pore 

ex. v. — excretorv  vessels 


pr. — prostate 

p. — papillae  post  and  prcanal 

res. — reservoir 

s.g". — shell  gland 

s.v. — seminal  vesicle  or  vesicula  scminalis 

s.r. — seminal  reservoir 

sp. — spicule 

t. — testis 


g.i.c. — g'enito  intestinal  canal    tr. — tridents 


g.p. — genital  pore 

h. — hook. 

i. — intestine 

li. — ligament 

Ic. — lemnisci 

I.e. — Laurers  canal 

m. — mouth 

ni.b. — muscular  bands 
m.g. — mucus  glands 
met. — metraterm 


u. — uterus 

u.g". — unicellular  glands 

v.d. — vas  deferens 

va. — vagina 

vit. — vitellaria 

vit.d. — vitelline  duct 

v.s. — ventral  sucker  or  acetabulnni 

w.v.s. — water  vascular  system 

y.d. — yolk  duct 

y.r, — yolk  reservoir 


NOTES   ON   THE  GENUS  CAMALLANUS 

AND  OTHER  NEMATODES  FROM 

VARIOUS    HOSTS 


Parasitic  nematodes  are  by  far  among  the  most  important  para- 
sites affecting  human  welfare  and  disease.  When  we  consider  their 
prevalence  in  domestic  animals,  and  fish  which  constitute  the  most 
important  article  of  human  food,  not  to  speak  of  their  parasitism  in 
vegetable  food  stuffs,  we  are  easily  led  to  see  their  importance  in  the 
economy  and  welfare  of  mankind.  It  is  consequently  remarkable  how 
little  they  and  their  influence  have  been  studied,  even  from  an  economic 
point  of  view.  The  field  is  so  large  and  so  comparatively  unworked, 
that  it  is  difficult  to  decide  where  to  continue  the  study.  Within  a  short 
time  the  writer  has  met  with  a  form  of  nematode,  which  has  been  but 
little  noticed  on  this  continent,  in  fact  the  only  reference  known  is  one 
made  by  Prof.  H.  B.  Ward  in  a  contribution  from  the  Zool.  Lab.  of 
the  University  of  111.,  No.  78,  191G,  in  which  he  describes  very  gener- 
ally the  occurrence  of  two  new  species  of  Cauiallanus  under  the  names 
C.  oxyccphalus  and  C.  ancylodirus.  Railliet  and  Henry  in  1915  took 
up  the  study  of  these  parasites  in  Europe  and  established  for  them  a 
new  genus.  Hitherto,  while  they  had  been  observed,  no  definite  effort 
other  than  as  given  above  had  been  made  to  give  them  a  standing  in 
the  biological  world.  Dr.  Ward  claims  that  his  two  species,  one  found 
in  a  German  Carp  and  the  other  two  in  a  white  bass  and  a  black 
Crappie,  all  hosts  from  Iowa,  are  the  first  described  in  America,  and 
from  the  general  tenor  of  his  paper  one  would  infer  that  the  worm 
was  rare.  I  am  glad  to  give  my  experience  with  this  parasite,  which 
I  think  will  indicate  that  it  is  anything  but  rare,  and  this  I  do  in  as 
few  short  notes  as  possible.  I  may  premise  by  saying  that  for  the  last 
seven  or  eight  years  the  Director  of  the  Xew  York  Aquarium  has 
kindly  placed  a  large  amount  of  material  at  my  disposal,  which  was 
collected  from  distant  points  in  America.  Other  sources  also  have 
been  made  available. 

The  genus  Cauiallanus  is  a  haematophagic  nematode  whose  habits 
appear  to  be  those  of  the  Sfroiigylidac,  in  fact  it  would  appear  that  it 
should  belong  to  a  sub-family  of  that  genus,  instead  of  being  estab- 
lished as  a  separate  genus.  They  live  in  the  same  organs,  have  identical 
habits  and  attach  themselves  to  the  mucous  membranes  in  the  same 
manner  as  is  done  by  the  Strougylidac.  They  have  a  muscular  pharynx 
or  upper  part  of  the  oesophagus  which  enables  them  to  suck  the  blood 
from  the  mucous  membrane  after  it  has  been  wounded  by  the  peculiar 
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structure  of  their  mouths,  which  is  a  hollow  surface  with  long  sharp 
rihs  or  knives,  which  can  be  brought  together  much  as  the  hookworm 
does  with  its  sucking  appartus,  not  excepting  the  buccal  sacs  which  may 
be  slightly  ditiferent  in  shape,  but  identical  in  function.  Reside  this, 
they  are  probably  more  fertile  than  hookworms,  since  the  whole  body 
of  the  female  is  a  distended  sac  of  living  larvae  and  eggs,  and  the  fe- 
males are  about  fifteen  or  twenty  times  as  plentiful  as  the  males. 

The  adult  worm  is  red  and  varies  in  length  from  15  mm.  to  25  mm., 
and  in  width  about  .25  to  .30[.i.  The  body  is  very  delicately  formed, 
gradually  tapering  to  the  posterior  end  where  the  tip  is  generally  trifid. 
The  female  is  much  larger  than  the  male,  and  as  a  rule  the  shoulders 
of  the  female  are  much  more  angular  or  square  than  in  the  case  of 
the  male.  However  this  may  not  hold  in  all  cases,  but  it  seems  to  be 
the  rule.  The  vulva  is  situated  on  the  ventral  surface  very  near  the 
middle  of  the  worm.  It  is  usually  very  prominent  and  swollen  into 
two  lips  as  shown  in  Fig.  .  The  head,  however,  is  the  most  promi- 
nent feature,  and  unlike  that  of  the  hookworm,  is  a  very  ornamental 
structure.  It  is  chiefly  composed  of  chitin  and  is  shell-like  in  shape, 
being  quite  concave  with  six  main  ribs  on  each  side  of  the  central  line, 
which  converge  toward  the  throat.  There  are  also  a  few  short  ribs 
which  help  to  give  this  part  of  the  mouth  at  its  back  a  hollow  fan- 
shaped  appearance.  On  each  side  of  this  formation  is  a  very  decided 
concave  portion,  which  answers  to  the  buccal  capsule  of  the  hookworm. 
In  action  the  mouth  seems  capable  of  closing  from  each  side,  while 
the  sharp-pointed  rods  make  a  wound  in  the  mucous  membrane,  or  one 
side  crosses  behind  the  other  as  in  a  pair  of  hair  clippers.  The  power- 
ful muscular  pharynx  or  oesophagus,  exactly  like  that  of  the  strongy- 
lidae,  then  performs  its  sucking  action.  The  whole  head  of  the  worm 
is  often  found  buried  in  the  mucous  membrane,  but  it  may  be  easily 
detached.  The  whole  head,  including  when  present  the  two  or  three 
lateral  pendants,  called  by  Ward  "tridents"  is  composed  of  amber-col- 
ored chitin  and  across  the  throat  is  a  straight  band  of  the  same  mate- 
rial. The  neck  is  straight  There  is  also  on  each  side  on  the  dorsal  sur- 
face of  the  ribs  or  knives  a  bar  of  chitin  across  the  anterior  ends  of  the 
median  four  of  each  half,  for  the  j)urpose,  possibly  of  stiffening  them. 
Usually,  there  are  five  or  six  long  ribs  which  reach  from  the  anterior 
fip  and  converge  in  the  throat,  and  between  them  at  their  anterior  ends 
are  two  short  ribs  on  each  side  of  the  median  line.  The  two  central 
ones  are  short  and  very  like  sharj:)  teeth.  The  extreme  margin  of 
the  head  is  bounded ,  by  transparent  material  with  three  considerable 
nodules,  one  on  each  side  and  a  small  one  in  the  middle.  The  anterior 
end  of  the  oesophagus  extends  quite  to  the  throat.  The  length  of  the 
muscular  portion  of  the  oesophagus  is  usually  about  55|.i,  width  at  the 
widest  part  20|.i.  It  is  bottle  shaped.  The  second  part  of  the  oesopha- 
gus is  90|J.  long  and  generally  the  outside  is  ragged.  The  protruded 
flaps  of  the  vulva  of  the  gravid  worm  measure  ;55ji  x  15|.i.  The  mouth 
of  the  vagina  is  5|x  wide.     Across  the  head  2()|.i,  across  the  shoulders 
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40[.i,  across  the  mouth,  which  is  always  patent  15|.i,  and  length  of  the 
"tridents"  lOu.  Across  the  gravid  uterus  40i.i.  Anus  is  within  -lUu 
of  the  tip  usually.  Xo  doubt  these  worms  vary  in  size  in  different 
hosts,  but  the  above  measurements  are  those  of  a  full-sized  gravid  fe- 
male. The  uterus  usually  contains  both  larvae  and  eggs,  but  the  form- 
er are  in  thousands.  They  measure  SOj-i  long  x  2[i  wide.  The  male  is 
a  small  worm  beside  the  female,  where  the  females  are  20  or  25  mm. 
long  the  males  average  10  to  15  mm.,  and  about  half  the  width  of  the 
female.  The  posterior  end  of  the  male  is  usually  coiled,  and  two  white 
cirri  may  be  seen  protruding  or  within  the  body.  They  are  about  5()u 
long  and  equal  in  length.  There  are  three  pairs  of  post  anal  papillae, 
and  one  pair  of  preanal.  These  are  not  easily  seen  for  the  tail  is  so 
closely  coiled.  Near  the  anus,  probably  on  each  side  of  it,  is  a  semi- 
circular flap,  which  acts  like  a  bursa  in  the  bursated  nematodes.  In 
all  these  worms  there  are  to  be  seen  the  head  glands  as  described  by 
Looss  in  his  paper  in  1901.  "The  Sclerostomidae  of  Horses  and  Don- 
keys in  Egypt"  (Rec.  Govt.  ]\Ied.  School.  Cairo).  The  skin  is  finely 
striated. 


Cainallaiius  oxycephahis.  Ward. 
Locality — Xew  York  Aquarium. 

On  November  4,  191T,  in  the  stomach  of  a  Mississippi  alligator, 
there  was  found  an  adult  female  specimen  of  this  species  Camallanus 
oxycephahis  (Ward).*  The  general  description  given  will  answer  in 
this  case,  except  that  near  the  anus  there  is  a  constriction  in  the  bowel, 
opposite  which  on  the  outside  of  the  gut  on  each  side  there  is  a  tag 
like  process  both  pointing  toward  the  tail. 


CaiiiaUaiiiis  scahrae,  sp.  nov. 
(Fig.  61) 

On  December  14,  1917,  there  were  found  in  the  intestine  of  a 
Chrysemys  scabra  and  six  collected,  two  males  and  four  females,  of 
these  worms.  More  could  have  been  recovered  if  necessary.  They 
possess  no  peculiarity  beyond  the  general  description,  except  that  per- 
haps they  wer^  somewhat  smaller. 

Locality — Xew  York  Zoological  Park. 

On  December  21.  1917,  there  were  found  in  the  intestines  and 
stomach  of  a  Chrysemys  scabra  a  great  number,  in  fact  there  were  hun- 
dreds of  the  worms,  many  of  them  still  clinging  fast  to  the  mucous 
membranes.  Proportion  of  males  about  two  to  ten  females.  Females 
about  20  mm.  long.     Males  about  15  mm.  long.    They  have  a  peculiar 
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bursa.     Two  post  anal  papillae  and  six  preanal  papillae.     They  have 
two  prominent  spicules. 

Locality — Xew  York  Zoological  Park. 

also 

On  June  25.  IDUi,  there  was  found  in  a  Cliryscuiys  picta  an  adult, 

gravid  female  CaDialhuius  scabra.    This  one  also  shows  the  anal  valve. 

Head  glands,  very  distinct.     No  peculiarity.     Size  about  20  mm.  long. 

Locality — Woods  Hole,  INIass. 


Camollamis  troosti,  nov.  sp. 

On  May  2o,  1916,  there  were  found  in  the  intestines  of  a  Troost's 
terrapin,  Chryseniys  troosti,  a  lot  of  large  CamaUanus  worms,  six  fe- 
males and  one  male  were  collected  and  mounted.  The  male  presented 
about  20[,i  in  advance  of  the  anus  a  bottle-shaped  cyst  10|.i  x  8[.i,  on  the 
outside,  and  from  it  a  tube  extended  into  the  body,  evidently  a  part 
of  the  bursal  sac.  The  cirri  presented  at  the  anal  opening.  Three  pairs 
post  anal  and  one  pair  pre-anal  papillae  seen.  From  the  above-men- 
tioned cyst  or  bursa  the  skin  is  raised  b\i,  all  the  way  to  the  tip  of  the 
worm.  Xo  other  peculiarity,  and  this  may  be  only  the  usual  male 
sexual  end.  such  as  I  never  saw  before. 

Localit\- — Xew  York  Aciuarium. 


CamaUanus  chclydrac 

On  March  IT,  19L3,  there  were  collected  eighteen  Caiiiallaints 
worms  from  the  intestine  of  a  Chclydra  serpentina.  There  is  no  appre- 
ciable difference  between  these  and  the  general  description.  They  were 
all  females  and  the  intestine  is  filled  with  black  material,  partially  di- 
gested blood. 

Localit}' — Xew  York  Aciuarium. 


Cainallaniis  florid ianae,  nov.  sp. 
(Fig.  (i2) 

On  June  20,  lOKi.  on  examining  a  Florida  diamond-backed  terrapin, 
Chrysemys  floridiana,  there  were  found  in  the  stomach  a  number  of 
Camallani,  which,  because  of  some  difference  between  them  and  the 
other  members  of  the  genus,  I  propose  the  name  CainalUuius  floridianae. 
There  were  collected  and  mounted  three  females  and  two  males.  The 
mouth  has  a  different  arrangement  of  the  rods  or  knives.  In  most 
of  these  worms  these  rods  are  placed  on  two  levels,  one  set  of  four 
being  in  front  and  the  other  set  of  four  placed  behind,  and  diagonally 
across  the  first.     Whether  this  condition  is  only  an  exemplification  of 


FIG.  01     C.-iMALLASCS  SCABRAE. 


FIG.  62.     CAMALLANUS  FLORIDIANAE. 
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the  way  in  which  they  act  normally  by  a  sawing  motion,  I  do  not  know 
but,  this  would  look  reasonable.  They  may  act  like  a  pair  of  hair  clip- 
pers and  were  caught  in  this  position  when  death  took  place.  The 
mouth  is,  if  anything,  more  concave  than  usual  and  there  appear  to  be 
only  two  shoulder  straps  of  chitin  on  each  side  of  the  neck  instead 
of  three,  and  in  that  case  they  would  cease  to  be  "tridents."  They  are 
not  teeth  anyway,  Fig.  02.  The  males  are  uncoiled  so  that  a  sketch  of 
that  portion  of  the  body  was  possible  and  revealed  the  fact  that  there 
are  three  post  anal  and  six  pre-anal  papillae.  They  were  all  very  long, 
especially  the  pre-anal  ones,  which  are  7|x  long  and  each  with  a  knob 
at  the  end.  The  cirri  were  white  and  seen  protruding  a  short  distance. 
See  bursa  also  Fig.  62.  The  larvae  were  not  so  plentiful,  but  seemed 
large,  measuring  20[.i  long  and  2|.i  wide.  Seemed  larger  than  in  other 
worms. 

Female — 15  mm.  long. 

Male — 7  mm.  long. 

Locality — New  York  Aquarium.     Florida. 


Camallanus  clcgans,  sp.  nov. 

These  worms  were  found  in  and  collected  from  the  stomach  of 
Cumberland  turtle,  Chrysemys  elegans.  They  were  a  lot  of  small  red 
worms  and  several  were  mounted,  3  females  and  3  males  on  one  slide, 
and  4  females  and  2  males  on  another.  They  measure  about  15  mm. 
and  7  mm.  respectively  and  the  only  difference  to  be  seen  from  the  gen- 
eral description  is  that  the  males  which  in  two  instances  are  uncoiled 
show  a  formidable  looking  single  cirrus,  which  is  thick  and  sharp,  and 
the  whole  length  is  90^  with  about  7u  protruding  in  one  case  and  30|i 
in  the  other.  The  papillae  are  the  same  in  number,  but  of  a  different 
shape  from  those  described  for  C.  floridianac.  In  this  worm  they  are 
lower  and  thicker.  This  is  the  only  cirrus  I  have  seen  protruded  and 
while  I  thought  that  I  could  see  the  points  of  the  two  at  the  outlet  in 
others,  still  I  may  have  been  mistaken,  although  I  think  not  for  they 
could  be  seen  in  the  body.  The  bursal  arrangement  in  this  worm  is 
quite  different  from  any  other.  There  is  a  sac  not  so  divided  and  the 
whole  affair  is  not  so  complete  and  pretentious  as  in  C.  floridianae. 
The  host  was  kindly  sent  from  the  New  York  Aquarium  and  came 
originally  from  Florida.     I  propose  the  name  C.  elegans  for  it. 


Camallanus  ptychozoondis,  sp.  nov. 
(Fig.  63) 

On  May  24,  1916,  there  were  found  in  the  rectum  of  a  Ptychozoon 
hemalocephalum  a  leaf-like  lizard  taken  near  Buitenzorg,  Java,  a  few 
Oxyiiridae,  and  one   small  Camallanus.     A  description  of  the  latter 
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follows.  It  is  provided  with  a  head  and  mouth,  in  shape  somewhat 
like  the  concave  side  of  a  scallop  shell.  This  part  of  it  is  yellow  or 
brownish  chitinous  material  concentrating  posteriorly  into  a  throat 
which  is  the  beginning  of  the  pharvnx.  This  latter  organ  is  fiask-like 
in  shape,  so  common  in  this  genus,  and  is  quite  muscular.  The  intes- 
tine follows  and  finds  its  outlet  on  the  left  side  of  the  worm  near  the 
end  of  the  tail  which  is  pointed  and  chitinous. 

The  vagina  has  not  been  seen,  but  appears  to  be  very  near  the  mouth 
on  the  left  side  and  from  this  extends  to  the  uterus,  which  is  tubular 
and  contains  numerous  round  eggs.  The  worm  is  only  about  5  mm. 
long  and  .20  mm.  wide. 


Cai}iaUa)ius  cyatlioccplialiis,  sp.  nov.     . 
(Fig.  04) 

Host — Chrysoiiys  scabra. 

Habitat — Stomach. 

Locality — Zoological  Park,  Xew  York. 

While  examining  a  slider  terrapin,  Chryscuiys  scabra.  among  some 
other  Camallaiius  worms,  I  found  one  quite  different  from  the  others, 
as  will  be  seen  by  a  reference  to  the  plate. 

It  is  an  immature  female,  that  is,  it  has  no  eggs  in  its  uterus,  yet 
otherwise  it  is  perfect.  The  head  's  the  peculiar  feature,  since  it  is 
different  from  the  ordinary  Camallanus,  having  no  "tridents"  or  adorn- 
ments on  the  outside  of  the  head.  The  whole  structure  gives  the  im- 
pression of  a  likeness  to  a  wine-glass  or  goblet.  The  mouth  is  like 
that  of  the  genus  as  far  as  shape  and  incising  rods  are  concerned,  yet 
it  is  vastly  more  delicate  and  proves  a  difficult  task  for  an  artist  to 
portray  and  do  it  justice.  It  is  composed  of  the  usual  amber-colored 
chitin.'   The  worm  is  only  5  mm.  long.     The  tail  is  trifid. 


,  Camallanus  bitngari,  sp.  nov. 

T  (Fig.  65) 

On  May  20,  1910,  there  were  found  in  a  Krait,  Bitngarns  can- 
didus,  at  Pniitenzorg,  Java,  a  small  Caniallaiiiis.  which  probably  hitherto 
has  not  been  recorded.  It  has  a  wide  open  mouth  as  usual  in  the  geiuis. 
which  is  sub-terminal,  the  real  mouth,  however,  seems  to  be  a  circular 
opening  near  the  center  of  the  anterior  margin  of  the  round,  amber- 
colored,  chitinous  structure,  which  lies  open  at  the  anterior  end  of  the 
worm.  From  the  small  circular  mouth,  a  tube,  the  oesophagus,  leads 
into  the  pharynx.  The  open  circular  chitinous  structure  has  within 
its  outer  margin  two  circular  rings,  which  concentrate  at  the  opening 
of  the  pharynx.    The  outer  one  of  these  is  armed  with  very  small  spi- 
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cules  or  teeth,  and  the  more  or  less  circular  anterior  margin  of  the 
pharynx  is  also  armed  with  small  teeth.  The  pharynx  is  as  usual 
flask-shaped  and  quite  muscular.  It  terminates  in  the  intestine  and  this 
latter  has  its  outlet,  in  this  case,  near  the  posterior  spiked  tail.  It  is 
next  to  impossible  to  follow  the  windings  of  the  genital  apparatus. in 
the  body  of  this  female  worm,  but  it  is  almost  certain  that  the  genital 
opening  is  at  the  junction  of  middle  and  posterior  thirds  of  the  body. 
No  other  opening  is  seen.  There  is  a  tube  which  can  be  traced  nearly 
to  the  anterior  end  of  the  worm,  but  it  is  undecided  whether  a  vagina 
may  be  there.  Tail  trifid.  while  only  three  rods  can  be  made  out  in 
this  species,  there  is  also  a  membrane  which  encircles  the  mouth  being 
attached  to  its  margin  all  around. 


Strongylus  simiae 
(Fig.  66) 

Host — Simla  satynis. 
Habitat — Colon . 
Locality — Singapore. 

On  July  21,  1910,  while  examining  one  of  these  animals.  Dr.  \V. 
G.  ]\IacCallum  came  across  several  small  nematodes  in  the  colon,  and 
saved  them.  They  consist  chiefly  of  Oxyurides,  probably  Oxynris  ver- 
micularis  hremscr  {Ascaris  verniicularis  Lin.),  Diesing  Syst.  Helm.  11, 
p.  144-145.  These  worms  are  quite  small,  6  or  7  mm.  long  by  .40  wide 
and  very  sharp  or  pointed  at  each  end,  body  filled  with  small  eggs. 
Among  these,  how^ever,  I  discovered  three  or  four  other  worms  which 
are  strongyles  and  may  be  Strongylus  longlvaglnatus,  Diesing  Syst. 
Helm,  11,  p.  877-878  ventric.  The  only  other  strongyle  known  for  this 
animal,  according  to  Von  Linstow,  is  Strongylus  duodenalls  Dubini, 
Uncinarla  dnodcnalis  Railliet,  1885,  the  same  as  in  man.  Of  course, 
these  are  well  known,  but  S.  longivaginatiis,  I  am  not  familiar  with. 

These  strongyles,  a  figure  of  which  is  given,  are  small,  all  four 
females  and  filled  with  eggs.  They  measure  20  mm.  long  by  .90  mm. 
wide.  The  body  is  prolonged  into  a  very  sharp  tail  and  the  skin  is 
striated  transversely  throughout,  although  the  striations  are  very  deli- 
cate and  hardly  perceptible.  The  skin  is  also  armed  with  fine  denticles 
throughout,  all  pointing  backwards.  The  head  is  10^  across,  but  im- 
mediately behind  the  mouth  the  skin  on  each  side  spreads  out  so  that 
it  measures  across  this  part  20|.i.  The  mouth  is  armed  with  six  small 
hooks.  These  with  the  enlargement  behind  the  head  enables  the  w^orms 
to  retain  its  hold,  when  the  head  is  buried  beneath  the  mucous  mem- 
brane of  its  host.  The  mouth  is  followed  by  a  relatively  long  oesopha- 
gus, which  is  very  muscular  and  is  the  sucking  apparatus.  On  each 
side  of  the  oesophagus,  there  is  an  oesophageal  gland,  or  tube,  w^hich 
is  said  to  convey  poisonous  matter  into  the  tissues  of  the  host.     The 
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anus  is  situated  about  iOOji  from  the  tip  of  the  tail.  The  vulva  is  at 
the  junction  of  the  anterior  and  middle  thirds  of  the  length  of  the 
worm.     Eggs  5|.i  long  and  3[i  wide.     No  males  seen. 


Ascaris  ogcoccphali,  sp.  nov. 
(Figs.  ()7  and  (iTa) 

On  examining  a  bat-fish,  Diabolo,  Ogcocephalus  radiatns  (j\Iit- 
chill,  1818),  on  April  18,  1917,  from  Key  West,  Florida,  there  were 
found  a  large  numl^er  of  ascarides  in  the  small  intestine  and  stomach. 

The  female  worm  is  much  larger  than  the  male,  and  it  is  yellowish 
in  color,  while  the  male  is  quite  small  and  whitish.  They  both  are 
quite  pointed  at  the  extremities,  especially  the  posterior,  and  the  tail  of 
the  male  is  incurved.  At  the  anus,  which  is  very  near  the  tip,  may  be 
seen  three  pairs  of  papillae  post-anal  and  two  pairs  pre-anal.  The* cirri 
were  not  seen  protruding,  but  could  be  seen  internally.  Along  the  dor- 
sal portion  of  the  abdominal  cavity,  there  were  a  number  of  conical 
masses,  which  extend  in  two  rows  from  a  point  near  the  middle  of 
the  worm  to  the  posterior  end.*  The  intestine,  filled  with  dark-colored 
matter,  extends  from  the  oesophagus  along  the  middle  of  the  body 
to  the  anus."  The  oesophagus  is  long  and  muscular,  and  at  its  junc- 
tion with  the  intestines  may  be  seen  two  long  coeca,  one  pointing 
posteriorly  and  the  other  recurved  anteriorly.  The  head  end  is  un- 
like that  of  any  of  the  other  ascarids.  While  there  are  the  usual  three 
lips  or  jaws,  they  are  of  a  different  shape  and  are  furnished  with 
lobulations  of  the  skin,  but  unarmed.  The  neck  is  smooth  for  a  short 
distance,  then  the  skin  becomes  deeply  striated  transversely.  The  tail 
end  of  the  female  is  straight  and  sharp,  and  a  short  distance  from  the 
tip  on  the  one  side  is  the  anus,  and  on  the  other  a  little  anterior  is  the 
genital  pore.    The  uterus  is  much  coiled  and  the  eggs  are  numerous. 

Mcasurcjiicnfs 

Female  length    32.00  mm. 

Female  width   .60  mm. 

Male   length    20.00  mm. 

Male    width    .35  mm. 


Echinorhyuchus  gabocs.  sp.  nov. 

(Fig.  r,8) 

The  lichinorliyiichiis  belongs  to  the  family  (jf  .  Icaiithoccpliala.  a 
branch  of  Nemathelminthes,  or  round  worms,  and  are  characterized  by 
the  possession  at  the  head  end  of  an  armed  ])roboscis,  which  they  have 

*!These  rows  proved  to  be  the  walls  of  the  intestine. 


^-^J^p 


FIG.  t)8.     ECHIXORH)'\CHUS  GABOES. 
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the  power  of  protruding  or  retracting  at  will  They  are  not  provided 
with  a  mouth  or  digestive  system,  their  nourishment  taking  place 
through  a  process  of  osmosis.  There  is  also  a  system  of  canals  beneath 
the  skin,  which  contain  a  lymph-like  fiuid,  which  is  absorbed  from 
their  fluid  surroundings,  and  there  is  also  a  pair  of  elongated  tubes 
or  organs  near  the  head  called  the  lemnisci  which  are  credited  with 
being  the  chief  excretory  organs.  They  are  unusual  in  E.  gabocs,  since 
they  are  in  a  considerable  coil  posterior  to  the  end  of  the  proboscis  sac. 
The  skin  is  usually  wrinkled  and  coarsely  striated,  and  sometimes  cov- 
ered with  strong  spines,  although  this  last  feature  is  not  common  with 
the  echino-rhynchi.  There  is  one  strong  ligament  running  longitudi- 
nally, which  seems  to  influence  the  main  movements  of  the  body.  There 
is  a  very  simple  nervous  system,  which  consists  of  a  single  ganglion 
situated  at  the  base  of  the  receiving  sac  of  the  proboscis,  and  from  this 
nervous  filaments  radiate  to  different  parts  of  the  body. 

They  are  of  separate  sexes,  the  male  being  smaller  than  the  female 
The  male  is  provided  with  two  testes,  several  cement  glands,  a  ductus 
ejaculatorius,  and  a  cirrus  which  protrudes  into  a  bursal  sac,  situated 
at  the  posterior  end  of  the  body,  which  in  conjugation  becomes  everted. 
These  are  all  the  organs  of  generation  in  the  male  mentioned  by  au- 
thors, but  in  the  case  of  E.  gabocs  there  is  interposed  between  the  testes 
and  the  cement  glands  a  large  receptaculum  seminis,  which  communi- 
cates with  the  ductus  ejaculatorius  by  means  of  a  duct.  Fig.  (iS.  The 
female  is  provided  with  an  ovary  and  there  appear  to  be  a  short  va- 
gina and  a  uterus  ordinarily.  The  ova  are  developed  in  the  ovary, 
which  Claus  and  Sedgewick  say  subdivides  into  numerous  masses  of 
eggs.  These,  as  they  become  ripe,  burst  and  escape  into  the  bodv 
cavity,  and  pass  from  this  into  the  uterus,  from  which  they  are  forced 
externally.  The  eggs  are  fusiform  in  shape,  and  generally  in  immense 
numbers. 

Echinorhynchs  are  usually  parasites  of  fishes  or  birds,  chiefly  the 
former.  Only  one  is  known  as  a  parasite  of  man,  E.  gigas  (Goeze, 
1782).  The  present  form,  E.  gaboes,  was  collected  by  Dr.  W.  G.  Mac- 
Callum  in  Borneo  from  the  intestine  of  a  river  fish  named  'Tkan  ga- 
boes," and,  as  will  be  seen  from  the  figure,  is  an  unusuallv  armed  form. 
The  host  of  this  Echinorhynch  was  obtained  at  Bandjermasin  Borneo, 
and  was  a  large  fish,  black  above  and  spotted  on  whitish  ground  be- 
low. It  was  thought  to  be  a  sort  of  Siluroid  fish,  although  it  had  large 
scales.  I  am  unable  to  describe  the  internal  structure  of  the  female 
from  the  fact  that  from  the  neck  to  the  posterior  end  of  the  body  cavitv 
is  filled  with  immense  numbers  of  large  fusiform  eggs,  which  cover 
over  everything  and  are  apparently  loose  in  the  cavity.  Thev  are  10|i 
long  by  5u  wide  and  are  in  difl^erent  stages  of  segmentation.  The  vulva 
is  situated  about  130|i  from  the  posterior  end.  The  male  is  T  mm. 
long  and  the  female  11  mm.  and  70|x  wnde.  The  proboscis  is  Ab\i  long 
by  25|j.  wide,  being  wider  at  the  end  than  in  the  middle.  Some  of  the 
larger  hooks  on  the  proboscis  are  7u  long  and  very  strong. 


13-i  Zoopathologica:  X.   Y.  Zoological  Society  [I;  5 

On  account  of  the  peculiarities  mentioned.  I  am  calling  this  a  new 
species.  The  internal  structure  of  the  male  is  unusual  in  the  presence 
of  a  large  seminal  receptacle  situated  between  the  testes  and  the  cement 
glands.  The  bursa  is  relatively  large.  The  usual  large  ligament  in 
this  case  is  not  in  one  single  mass,  extending  from  the  base  of  the  pro- 
boscis sheath  to  the  bulbus  ejaculatorius  below,  but  is  an  open  mass 
of  filaments  extending  from  the  back  of  the  proboscis  sheath  and  pro- 
ceeding posteriorly  is  spread  out  throughout  the  body  as  far  back  as 
the  anterior  testes,  some  of  the  filaments  going  even  to  the  outer  layer 
of  the  thick  skin  in  some  places.  The  skin  is  tranversely  striated  into 
coarse  divisions  and  is  strongly  armed  with  large  spines  from  the  head 
to  two-thirds  the  length  of  the  body.     They  are  all  pointed  backwards. 
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M,  centropristes  n,  sp. 

This  form  is  found  in  very  limited  numbers  upon  the  gills  of 
the  sea  bass  {Centropristes  striatus),  never,  so  far  as  observed,  being 
abundant  enough  to  aifect  the  welfare  of  the  host. 

The  worm  is  short  and  thick  with  a  short  stubby  sucker  disc 
supporting  only  thirty-five  or  fortj^-five  suckers  which  have  a  chiti- 
nous  armature  quite  similar  to  that  of  M.  angeUcJdJujs,  although  much 
more  heavily  built  and  with  rather  longer  lateral  spines.  These 
suckers  are  all  quite  alike  in  form  and  of  about  the  same  size. 

The  mouth  is  peculiar  in  that  the  lips  are  corrugated  and  the 
orifice  subterminal.  The  mouth  suckers  are  relatively  large  and 
round,  and  along  the  anterior  margin  there  is  a  row  of  minute  teeth. 
There  is  a  partition  which  is  often  rather  indistinct.  In  some 
specimens  there  can  be  seen  a  clear  sac-like  space  behind  each 
sucker  as  though  there  were  a  coecum  connected  with  the  sucker. 
The  pharynx  is  muscular  and  is  followed  by  a  rather  long  oeso- 
phagus which  divides  into  the  intestinal  rami, 

Zool.  Jahrb.  XXXVIII.    Abt.  f.  Syst.  6 


72  G-  A.  MacCallum, 

The  genital  cloaca  is  bowl-sliaped,  the  orifice  being  directed 
rather  backward.  It  is  lined  by  many  fine  sharply  pointed  spines 
directed  inward  and  upward  and  numbering:  at  least  eighty :  behind 
these  thei-e  are  two  small  groups  of  similar  spines.  The  vas  deferens 
and  the  uterus  may  be  traced  into  this  bowl-shaped  opening.  The 
vagina  is  very  plainly  seen  as  a  single  median  tube  leading  from 
a  dorsal  opening  to  divide  into  the  two  lateral  ducts  of  the  vitel- 
larium  which  then  reunite  posteriorly  to  form  the  vitellarium  reser- 
voir. The  ovary  is  very  indistinctly  outlined.  The  eggs  are  thick- 
walled  and  deep  yellow.  They  have  only  very  short  spur-like  pro- 
cesses at  each  end  with  no  filament,  or  are  rounded  at  the  ends. 

There  are  eight  or  ten  rather  large  testes.  The  vas  deferens 
terminates  in  a  rather  pyramidal  or  conical  mass  in  the  interior  of 
the  cloaca  which  is  bordered  by  the  two  small  accessory  clusters 
of  spines  and  may  represent  the  cirrus. 

Measurements. 

Length  3  mm 

Width  0,6 

Sucker  disc  1,0X0,5 

Suckers  38—45 

Testes  8—10 

Eggs  0,15  mm  in  length 

No  filament 

Diam.  of  sucker  disc    0,80  X  0,60 

New  York  Fish  Markets. 

M.  jmronoti  n.  sp. 

The  are  found  pretty  regularly  moderate  numbers  of  this  species 
clinging  to  the  gills  of  the  Butterfish  {Poronotus  triacanilms)  which 
were  brought  to  the  U.  S.  Fish  Commission  Laboratories  at 
AVoods  Hole. 

The  worm  when  at  rest  is  about  6  mm  long  by  1  mm  at  its 
widest  part.  There  is  a  long  caudal  sucker  disc  armed  with  one 
hundred  and  tw^enty  suckers  which  forms  about  one-third  of  the 
whole  length  of  the  w^orm.  The  suckers  are  flattened  laterally: 
their  chitinous  skeleton  is  in  general  like  that  of  M.  centropristis 
but  its  lateral  spur  is  very  short.  In  one  specimen  they  are  seen 
from  the  edge  and  it  is  plain  that  the  ends  of  the  main  arches  are 
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sharply  bent  so  as  to  form  teeth  which  give  the  sucker  a  better 
hold.  In  the  anterior  lip  there  are  three  clumps  of  cell-like  palely 
stained  bodies  probably  representing  sense  organs. 

The  neck  is  long  and  graceful.  The  genital  cloaca  is  oval  with 
a  small  round  anterior  opening.  The  short  triangular  spines,  of 
which  there  are  a  great  many,  seem  to  be  distributed  pretty  evenly 
over  the  outside  of  this  sac-like  structure  but  are  largest  and  most 
closely  placed  about  the  orifice.  Evidently  it  is  a  somewhat  ever- 
sible  sac.  Behind  it  there  is  seen  an  olive  shaped  mass  which  is 
the  termination  of  the  rather  muscular  vas  deferens  and  which  must 
therefore  represent  the  cirrus.  It  is  flanked  on  either  side  by  a 
group  of  about  fifteen  spines  and  in  front  of  it  there  is  apparently 
a  separate  opening. 

The  ovary  is  placed  more  or  less  across  the  middle  of  the  worm 
and  is  not  very  large.  The  oviduct  can  be  plainly  seen  to  be  joined 
by  the  neck  of  the  seminal  reservoir  which  lies  posterior  to  it  on 
the  left  side  of  the  worm,  and  by  the  vitelline  duct  after  which  it 
passes  into  the  shell  gland  and  the  uterus.  The  eggs  occur  in  small 
number,  usually  one  or  two  only,  and  are  provided  with  rather  short 
stout  prolongations  at  each  end.  There  is  no  long  finely  coiled 
filament  as  in  some  other  forms. 

There  are  thirty-two  rather  large  testes  from  which  the  some- 
what thickwalled  vas  deferens  runs  forward. 


Measurements. 

Length 

6  mm 

Width 

0,80 

Sucker  disc 

2,50 

Number  of  suckers 

120 

Diameter 

0,05 

Number  of  testes 

32 

Eggs 

0,31  X  0,04 

Anterior  filament 

0,24 

Posterior  filament 

0,07 

mmission.    Woods  Hole. 

M,  po^nocanthi  n,  sp. 

In  describing  M.  angelicJdhys  in  a  previous  paper  it  was  stated 
that  in  its  structure  that  worm  resembled  in  many  points  others  to 
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be  described  later,  and  it  is  on  account  of  the  close  resemblance  of 
at  least  six  of  these  forms  that  we  have  hesitated  to  publish  their 
description  until  it  could  be  more  definitelj^  ascertained  whether  they 
really  belong  to  one  species  or  to  several.  M.  angelichthys  differed 
from  all  of  these  six  worms  in   the  possession  of  a  globular  ovary 

and  was  therefore  set  down 
^<52^  ^,-;^pi^  as  a  distinct  species. 

C  Cirrus 

C.  d  caudal  disc 

F.  G.  P  female  genital  pore 

G.  P  genital  pore 
i  intestine 
M  mouth 

M.  G.  P  male  genital  pore 
M.  S  mouth  sucker 
Oes  oesophagus 
OOt  ootype 
Ova  egg 
Ov  ovarium 
Ov.  d  oviduct 
Ph  pharynx 
S.  C  caudal  disc  sucker 
S.  G  shell  gland 
S.  r  seminal  reservoir 
t  Testes 

T.A  Tactile  area 
Ut  uterus 
Va  vagina 
y.  d  Vas  deferens 
Vit  vitellaria 
Vit.  d  Vitelline  duct 
Vit.  r  Vitelline  reservoir 
V.  0  vaginal  opening 

Fig.  A. 

a    Microcotyle   ccntropristes    n.    sj). 
b   Male    and   female   genital    pores, 
c  Chitinons  frame  of  a  caudal  sucker. 
Fig.  A.  d  Mouth  sucker. 
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Fig.  B. 


Fig.  C. 


Fig.  B.  a  Microcotyle  poronoti.  b  Ovum,  c  Female  genital  pore,  d  Chiti- 
nous  skeleton  of  a  caudal  sucker. 

Fig.  C.  a  Microcotyle  poniocanthi.  h  Chitinous  skeleton  of  a  caudal  sucker, 
c  Genital  pores,  male  and  female. 
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In  the  course  of  examining  manj^  fish  of  various  sorts,  worms 
belonging'  to  the  genus  MicrocotyJe  were  found  attached  to  tlie  gills 
of  the  Black  angel  fish  {Pomocanthiis  arcuatus),  the  Butterflj^  fish 
{Chaetodon  oceUatus),  the  small  Butterfly  fish  {Cliaeiodon  capistratus), 
the  Grass  porgy  (Calamus  ardifrons),  the  Pork  fish  {Anisotremus 
virginicus),  the  Yellow  finned  grouper  {Epinephalus  flavolimbatus)^  and 
the  Spanish  hogflsh  {Harpe  rufa).  These  are  so  much  alike  that  I 
hesitate  to  describe  them  as  separate  species  and  even  in  describing 
them  under  one  name  would  point  out  the  remarkable  similarities 
which  exist  between  them  and  M.  caudata,  seMstes,  elegans  and 
even  sfenotomi  of  Goto.  It  is  true  that  these  four  species  of 
Goto  differ  among  themselves  slightly  in  size,  in  the  number  of 
suckers  and  in  the  number  of  testes  but  otherwise  they  are 
remarkably  alike.  Furthermore  it  is  clear  from  the  study  of 
immature  forms  that  the  size,  number  of  suckers  and  number  of 
testes  increase  with  age.  Naturally  one  might  suppose  that  if  the 
worms  are  quite  mature  a  constant  number  would  be  attained  but 
it  is  common  enough  to  find  worms  of  various  sizes  and  ages  upon 
the  gills  of  the  same  fish  and  difficult  to  decide  which  of  these  is 
quite  mature.  Therefore  such  numbers  seem  hardly  acceptable  as 
criteria  of  specific  differences  and  are  not  to  be  compared  in  im- 
portance with  the  marked  differences  in  form  of  the  suckers^ 
genital  armature  etc.  which  form  the  basis  for  most  cases  of  specific 
differentiation. 

For  that  reason  it  is  with  the  idea  of  a  later  and  more  careful 
revision  of  this  whole  group  and  because  the  forms  do  not  correspond 
very  closely  with  Goto's  that  they  are  described  together  under  one 
specific  name. 

All  of  these  worms  are  about  3,5—4,5  mm  X  0,6 — 0,7  mm  in 
size  with  a  sucker  disc  which  curves  up  backward  and  is  furnished 
with  fifty  to  seventy-five  suckers  ranged  along  the  ventral  margin 
and  projecting  laterally  on  short  stalks.  These  suckers  have  a  rather 
delicate  chitinous  skeleton  of  the  form  shown  in  the  drawing  with 
short  lateral  spur  and  are  uniform  in  character. 

The  mouth  suckers  are  unarmed  and  obliquely  placed  at  the 
sides  of  the  mouth.  They  are  divided  by  a  partition.  The  mouth 
is  slightly  subterminal  with  an  overhanging  lip.  The  pharynx  is 
well  developed  and  leads  into  a  rather  short  oesophagus  which  bi- 
furcates into  the  lateral  intestinal  coeca. 

Just  behind  the  bifurcation  is  the  armed  genital  opening.    In 
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all  the  worms  this  presents  the  appearance  seen  in  the  drawing,  — 
an  oval  or  nearly  spherical  bulbous  mass  covered  over  with  minute 
spines  which  point  backward  and  extend  into  the  eversible  small 
orifice  which  forms  the  outlet  for  the  uterus.  Behind  this  there  is 
a  second  aperture  for  the  small  conical  cirrus-like  end  of  the  vas 
deferens.  This  is  guarded  on  each  side  by  an  elongated  group  of 
about  ten  or  twelve  similar  short  spines. 

The  ovary  is  a  somewhat  indefinite  elongated  sac  crossing  the 
middle  of  the  body  and  extending  backward.  —  Its  oviduct  receives 
the  channel  from  the  clearly  defined  seminal  reservoir  and  that  from 
the  vitelline  duct  and  passes  through  the  shell  gland  into  the  straight 
uterus. 

The  vaginal  orifice  is  median  and  dorsal  and  the  vagina  divides 
some  distance  behind  this  to  join  the  vitelline  ducts  which  run  back 
laterally  receiving  branches  from  the  vitellarium  to  reunite  in 
forming  the  vitelline  reservoir  which  sends  its  duct  to  join  the 
oviduct. 

The  eggs,  one  or  two  in  number,  are  provided  posteriorly  with 
a  rather  stout  tapering  prolongation,  anteriorly  with  a  similar 
structure  which  is  elongated,  however,  into  a  very  long  and  delicate 
tangled  and  coiled  filament.  The  testes  vary  in  number  from  eighteen 
to  twentyseven  and  send  as  usual  the  undulating  vas  deferens  through 
the  mid  line  of  the  body  forward  to  the  genital  opening. 

Measurements. 
Length  3,5—4,5  mm 

Width  0,6—0,7 

Length  of  sucker  disc     7 — 1,0 


Suckers 

50—78 

Size  of  Suckers 

0,30X0,2 

Eggs 

0,12X0,08 

Testes 

18—27 

New  York  Aquarium. 

Many  of  the  fish  belonging  to  the  families  Chaetodontidae, 
Sparidae  and  Haemulidae  which  I  have  obtained  from  the  New  York 
Aquarium  have  been  found  infected  with  the  Microcotyle  ^iist  described. 
So  severe  is  this  infection  that  it  may  be  said  to  have  been  the 
cause  of  death  in  many  instances  especially  in  the  Chaetodontidae 
where  it  is  almost  universal. 
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As  I  have  said  in  a  former  paper,  certain  worms  seem  to  be 
limited  to  particular  families  of  fish  but  it  is  impossible  to  saj 
Xther  fishes  in  tlie  wild  state  are  as  badly  infested  as  those  in 
^flllenr  I  may  be  that  the  fish  in  this  group  belonging  to 
dff  ren  g  ne  a  acquire  their  infestation  with  this  particular  worn 
from  in  ected  tanks  eyen  though  all  ordinary  precautions  are  observed 
keep  them  clean  -  a  point  which  we  shall  attempt  to  clear  up. 


[Reprinted  from  The  Journal  of  Experimental  Medicine,  January,  1,  1920, 
Vol.  xxxi,  No.  1,  pp.  71-94.] 
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INTRODUCTION. 

There  exists  evidence  pointing  towards  the  general  toxicity  of 
dichloroethylsulfide  both  when  administered  by  inhalation  and  when 
injected  subcutaneously  or  intravenously. 

Lynch^  found  that  dogs  gassed  with  high  concentrations  of  dichloroethylsulfide 
(0.3  mg.  per  liter  for  1  hour)  exhibited  symptoms  similar  to  those  produced  by 
injection,  and  not  referable  to  the  primary  irritation  of  the  respiratory  tract. 
These  symptoms  were  salivation,  vomiting,  bloody  diarrhea,  hyperexcitabUity, 
and  convulsions,  with  a  slow  irregular  pulse  which  became  rapid  before  death, 
and  were  attributed  to  vagal  paralysis.  Furthermore,  the  absorption  of  di- 
chloroethylsulfide during  inhalation  was  shown  by  the  appearance  of  the  hydrolysis 
product,  dihydroxyethylsulfide,  in  the  urine. 

*  The  experiments  were  performed  at  the  Experimental  Field  of  the  Chemical 
Warfare  Service,  American  Expeditionary  Forces,  and  were  continued  by  one  of 
us  at  the  Brady  Laboratory  of  Pathology  of  the  Yale  Medical  School. 

We  are  indebted  to  Lieutenant  Colonel  H.  C.  Clark,  Chemical  Warfare 
Service,  for  advice,  to  Professor  M.  C.  Winternitz  for  the  privilege  of  his  labora- 
tory, and  to  Professor  F.  P.  Underbill  for  procuring  samples  of  nitrobenzene 
and  chlorobenzene. 

A  preliminary  note  of  this  work  was  presented  at  the  meeting  of  the  Society  of 
Experimental  Biology  and  Medicine,  New  York,  March  19,  1919. 

^  Lynch,  V.,  American  University  Experiment  Station,  Monograph  No.  1, 
Washmgton,  2nd  edition,  1918,  317.  See  also  Lynch,  V.,  Smith,  H.  W.,  and  Mar- 
shall, E.  K.,  Jr.,  Dichlorethylsulphide  (mustard  gas).  I.  Systemic  effects  and 
mechanism  of  action,  J.  Pharmacol,  and  Exp.  Therap.,  1918-19,  xii,  265. 
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Severe  symptoms,  ending  usually  in  death  within  24  hours,  followed  the  intra- 
venous injection  of  approximately  0.01  gm.  per  kilo  in  dogs.  At  autopsy  intense 
congestion,  often  with  extensive  hemorrhage  into  the  intestinal  mucosa,  was 
the  only  lesion  noted." 

Muratet  and  Faure-Fremiet^  reported  upon  blood  examinations  in  a  series 
of  six  rabbits,  four  of  which  were  poisoned  by  inhalation  and  two  by  subcutaneous 
injection.  In  all  the  animals  the  following  changes  were  noted.  The  red  blood 
cells  were  augmented  in  number  soon  after  exposure  (increase  to  6,000,000  to 
10,000,000),  and  then  gradually  diminished.  Nucleated  forms  were  sometimes 
seen.  There  was  no  polychromatophiUa  or  other  degenerative  change.  The 
leucocytes  showed  a  rise  following  the  intoxicating  dose,  but  later  diminished 
progressively.  There  was  a  relative  lymphocytosis.  Morphologically,  degenera- 
tive changes  were  found  in  the  leucocytes.  The  polymorphonuclears  showed 
abnormal  lobulation  of  the  nucleus,  dissolution  of  the  granules,  and,  finally,  a 
breaking  up  of  the  chromatin  into  spherical  masses.  The  lymphocytes  also 
showed  degenerative  changes,  and  many  abnormal  cells  which  could  not  be 
identified  were  present  in  the  films.  Jolly*  repeated  the  experiments  of  Muratet 
and  Faure-Fremiet,  using  both  dogs  and  rabbits,  and  administering  the  dichlo^. 
roethylsulfide  both  by  inhalation  and  subcutaneous  injection.  His  results  were 
less  consistent  than  those  of  the  previous  workers,  but  a  study  of  the  figures 
obtained  seems  to  show  a  rather  constant  diminution  of  leucocytes  after  injec- 
tion ;  with  inhalation  the  results  were  variable. 

Zunz^  observed  in  severely  gassed  human  cases  a  leucopenia  with  relative 
lymphocytosis  developing  after  several  days. 

Stewart,^  in  a  study  of  the  blood  changes  in  six  fatal  cases  of  poisoning  with 
mustard  gas,  found  an  initial  polymorphonuclear  leucocytosis,  followed  by  a 
rapid  fall  in  the  total  and  neutrophil  count,  beginning  on  the  3rd  or  4th  day, 
and  reaching  an  extremely  low  figure  (200  to  500)  before  death.  The  leucopenia 
is  ascribed  to  acute  failure  of  the  Icucoblastic  function,  without  associated  ery- 
throblastic failure.  No  histological  study  of  the  bone  marrow  is  included  in  the 
report. 

^  Winternitz,  M.  C,  Finney,  W.  P.,  and  Wislocki,  G.  B.,  American  University 
Experiment  Station,  Monograph  No.  1,  Washington,  2nd  edition,  1918,  389. 

^  Muratet,  L.,  and  Faure-Fremiet,  Confidential  Report  of  the  French  Gas 
Service. 

*  Jolly,  Confidential  Report  of  the  French  Gas  Service. 

^Zunz,  Report  to  the  IntcraUied  Gas  Conference,  Paris,  1918. 

®  Stewart,  M.  J.,  Report  on  cases  of  poisoning  by  "mustard  gas"  (dichlorethyl- 
sulphide)  with  special  reference  to  the  histological  changes  and  to  alterations  in 
the  leucocyte  count.  Report  of  the  Chemical  Warfare  Committee,  Great  Britain 
Med.  Research  Com.  Rep.,  No.  17,  1918. 
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Krumbhaar'^  also  reported  a  series  of  human  mustard  gas  cases  in  whom  there 
developed,  after  the  initial  leucocytosis,  a  marked  leucopenia,  persisting  even  in 
the  presence  of  the  complicating  bronchopneumonia.  Moderate  anemia,  without 
blast  formation,  and  an  apparent  decrease  in  the  number  of  platelets  were  also 
observed.  Postmortem  examination  of  the  bone  marrow  showed  a  "greater  or 
less  disappearance  of  normoblasts,  myelocytes  and  adult  forms,"  only  "primor- 
dial cells  and  megaloblasts"  remaining.  Krumbhaar's  observations  offer  con- 
vincing evidence  of  a  systemic  effect  in  severe  cases  of  mustard  gas  inhalation. 
It  is  highly  improbable  that  the  leucopenia  and  other  blood  changes  were  due  to 
complicating  influenzal  infections,  inasmuch  as  practically  all  these  gas  cases 
occurred  previous  to  the  development  of  the  influenza  epidemic. 

Hermann,^  in  his  study  of  the  clinical  pathology  of  mustard  gas  poisoning, 
finds  "no  leucopenia  at  any  time,"  the  changes  observed  being  slight  secondary 
anemia  with  a  well  marked  polymorphonuclear  leucocytosis,  a  definite  eosinophilia, 
and  the  appearance  of  myelocytes  and  young  forms  of  leucocytes.  The  value  of 
Hermann's  observations  is  lessened  by  the  fact  that  in  none  of  the  eight  cases 
upon  which  his  report  of  the  blood  changes  is  based,  was  the  blood  examined  be- 
fore the  10th  day  after  gassing,  and  that  only  one  of  his  cases  was  fatal,  and 
the  majority  mild  in  character. 

Warthin  and  Weller^  studied  the  effects  of  subcutaneous  and  intravenous  in- 
jection of  dichloroethylsulfide  in  a  series  of  rabbits  and  dogs.  The  toxic  symp- 
toms described  are  salivation,  diarrhea,  depression  of  temperature,  and  increased 
rapidity  of  respiration  followed  by  slowing.  With  large  doses  animals,  after  a 
short  period  of  nervous  excitement,  die  within  a  few  hours  in  coma  with  gradual 
failure  of  respiration.  The  gross  lesions,  apart  from  the  local  effect,  consist  of  a 
general  passive  congestion  of  all  organs  with  minute  hemorrhages,  emboli,  and 
infarctions.  The  only  specific  changes  are  more  or  less  severe  catarrhal  enteritis 
with  corresponding  microscopic  findings.  A  striking  microscopic  feature  is  the 
presence  of  hemorrhages  and  pigmented  phagocytes  in  great  numbers  in  the 
splenic  tissue.  Intravenous  injections  (dose  of  0.0075  to  0.18  cc.)  are  followed, 
after  a  quiescent  period,  by  general  convulsions,  opisthotonos,  irregular  jerking 
movements,  salivation  and  lacrimation,  and  fall  of  temperature.  The  animal 
passes  into  coma,  and  there  is  gradual  respiratory  and  cardiac  failure.    Patho- 

'  Krumbhaar,  E.  B.,  Role  of  the  blood  and  the  bone  marrow  in  certain  forms 
of  gas  poisoning.  I.  Peripheral  blood  changes  and  their  significance,  J .  Am. 
Med.  Assn.,  1919,  kxii,  39. 

^  Hermann,  G.  R.,  The  cUnical  pathology  of  mustard  gas  (dichlorethylsulphide) 
poisoning,  /.  Lab.  and  Clin.  Med.,  1918-19,  iv,  1. 

^Warthin,  A.  S.,  and  Weller,  C.  V.,  The  general  pathology  of  mustard  gas 
(dichlorethylsulphide)  poisoning,  J.  Lab.  and  Clin.  Med.,  1919,  iv,  265;  also  in 
Researches  on  the  pathology  of  mustard  gas  (dichlorethylsulphide)  poisoning, 
Contributions  from  the  Pathological  Laboratory,  University  of  Michigan, 
1918-19,  ix. 
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logically,  there  are  found  dilatation  of  the  right  side  of  the  heart,  congestion, 
petechia,  hemorrhages  of  the  lungs,  and  general  congestion  of  other  viscera.  We 
have  found  no  reference  in  Warthin  and  Weller's  papers  as  to  changes  in  the  circu- 
lating leucocytes  or  bone  marrow  except  the  general  statement^  "^  that  animals 
exposed  to  direct  application  in  the  gassing  chamber  may  show,  among  other 
efifects,  "secondary  anemia,  leucocytosis  or  leucopenia." 

The  following  report  deals  with  the  effects  of  the  intravenous  in- 
jection of  dichloroethylsulfide  in  rabbits.  We  have  given  special 
attention  to  the  alterations  in  the  blood  picture  and  in  the  blood- 
forming  organs,  since  these  were  the  most  striking  of  the  results 
observed. 

Technique. 

Method  oj  Injection. — Difficulty  was  at  first  experienced  in  obtaining 
suitable  emulsions  for  injection.  In  the  earlier  experiments  the  given 
amount  of  a  10  per  cent  alcoholic  solution  by  weight  of  dichloro- 
ethylsulfide was  suspended  in  0.85  per  cent  salt  solution,  shaken  vig- 
orously, and  immediately  injected,  after  allowing  the  larger  globules 
to  settle  out.  The  dose  administered  was,  therefore,  considerably 
less  than  the  total  amount  taken.  Later  it  was  found  that  a  more 
satisfactory  suspension  could  be  made  by  emulsifying  in  30  per  cent 
alcohol  in  distilled  water.  A  slightly  milky  emulsion  was  obtained 
which  after  shaking  did  not  separate  out  in  the  time  necessary  for 
injection.  The  suspension  was  prepared  from  a  recently  made,  ac- 
curately weighed  10  per  cent  solution  in  absolute  alcohol,  and  imme- 
diately injected  to  avoid  hydrolysis.  The  dichloroethylsulfide  used 
was  a  distillate  from  the  contents  of  a  German  yellow  cross  shell  and 
was  actively  vesicant. 

Dose. — We  have  not  attempted  to  determine  accurately  the 
minimum  lethal  dose.  It  was  found  in  the  earlier  experiments 
that  the  limit  of  tolerance  was  in  the  neighborhood  of  0.01  gm.  per 
kilo,  and  in  the  last  six  rabbits  used  a  unifonn  dose  of  0.005  gm.  per 
kilo  was  chosen. 

'"Warthin,  A.  S.,  and  Weller,  C.  V.,  The  general  pathology  of  mustard  gas 
(dichlorethylsulphide)  poisoning,  /.  Lab.  and  Clin.  Med.,  1919,  iv,  266. 
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Symptoms. 

Emaciation  and  Loss  of  Weight. — These  symptoms  were  noted  in  all 
the  rabbits  which  survived  for  2  days  or  more  after  the  injection. 
In  all  but  one  animal  (Rabbit  1,  loss  of  weight  only  100  gm.)  this  was 
associated  with  diarrhea,  and  perhaps  was  due  to  it. 

Neroous  Symptoms. — These  were  observed  only  in  Rabbits  2  to  4, 
which  died  1  hour,  \^  houi^s,  and  during  the  night  following  injection. 
The  animals  showed  extreme  restlessness,  incoordinate  movements, 
retraction  of  the  head,  and  transient  spasticity,  but  no  definite 
paralyses  or  convulsions. 

Respiratory  Symptoms. — No  definite  or  characteristic  respiratory 
symptoms  were  observed  even  in  animals  dying  a  few  hours  after  the 
injection,  in  which  the  occurrence  of  pulmonary  emboHsm  might 
have  been  suspected. 

Intestinal  Disturbances. — Diarrhea  occurred  in  six  animals,  in  all 
but  one  associated  with  the  finding  of  gross  lesions  of  the  intestinal 
tract  at  autopsy.  The  feces  were  copious,  fluid,  dark  brown,  and  not 
grossly  admixed  with  blood  or  mucus. 

Edema. — Edema  of  the  ears  of  wide  extent  invariably  followed 
injection,  even  when  great  care  was  taken  to  avoid  introducing  the 
material  outside  the  vein.  It  would  appear  that  the  dichloro- 
ethylsulfide  diffused  readily  through  the  vessel  wall.  It  was  also 
observed  that  after  the  injection  was  begun  an  area  of  blanching, 
involving  the  neighboring  skin  over  a  width  of  several  centimeters, 
at  once  appeared.  This  persisted  for  a  few  minutes  after  the  injec- 
tion, after  which  the  normal  circulation  was  restored. 

Pathology. 

Respiratory  Tract. — Of  twelve  rabbits  injected,  four  showed  definite 
pulmonary  lesions  (Nos.  2  to  5).  All  these  animals  died  or  were 
killed  within  a  period  of  from  1  to  22  hours  following  the  injection, 
and  none  of  the  eight  animals  surviving  over  24  hours  showed  sig- 
nificant gross  or  microscopic  lesions. 

The  changes  observed  were  (1)  irregular  areas  of  edema,  in  part 
fibrinous;  (2)  areas  of  atelectasis  and  emphysema;  and  (3)  accumula- 
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tions  of  leucocytes  in  the  capillaries,  often  showing  caryorrhexis  and 
fragmentation,  and  sHght  emigration  into  the  alveoli.  The  trachea 
and  bronchi  were  normal  except  that  they  contained  a  homogeneous 
coagulum.  No  thrombi  were  found  in  the  capillaries  or  larger  vessels. 
The  small  pulmonary  arteries  were  thick  walled  and  appeared  con- 
tracted. Clear  vacuoles  were  seen  beneath  the  endothehum.  The 
significance  of  this  finding  is  not  clear  as  somewhat  similar  pictures 
may  be  seen  in  normal  animals. 

It  is,  of  course,  not  possible  to  conclude  from  the  histological  find- 
ings that  dichloroethylsulfide  is  eliminated  by  the  pulmonary  epithe- 
lium; on  the  other  hand,  no  support  is  found  for  the  view  that  the 
lesions  are  the  result  of  capillary  embolism  due  to  impaction  of 
dichloroethylsulfide  globules.  The  fact  that  animals  which  survived 
for  a  longer  period  showed  no  pulmonary  lesions  might  suggest  that 
the  edema  is  the  result  of  a  direct  and  immediate  action  of  the 
dichloroethylsulfide  upon  the  pulmonary  capillaries. 

Alimentary  Tract. — No  lesions  were  found  in  the  esophagus.  Rab- 
bit 5  showed  hemorrhages  into  the  pyloric  portion  of  the  stomach  and 
in  the  duodenum.  Of  the  remaining  rabbits,  three  (Nos.  6,  7,  and  8) 
had  a  severe  diphtheritic  enteritis  affecting  the  middle  or  lower  por- 
tion of  the  intestine.  Rabbit  6  showed  also  patches  of  membranous 
inflammation  in  the  large  intestine.  Rabbit  9  also  had  a  diphtheritic 
colitis,  but  this  proved  to  be  coccidial  in  origin.  Seven  rabbits  were 
free  from  lesions  of  the  intestinal  tract. 

Liver. — The  liver  showed  no  significant  changes. 

Nervous  System. — No  detailed  study  has  been  made.  Neither 
capillary  thrombosis  nor  hemorrhage  was  found. 

Kidneys. — Definite  changes  were  present  only  in  the  kidneys  of 
Rabbits  2  and  5.  The  capsular  spaces  contained  hyahne  globules 
and  occasionally  red  blood  cells.  Hyaline  material  was  also  present 
about  the  blood  vessels  in  the  intermediate  zone  between  cortex  and 
pyramids.  Blood  cells  and  hemoglobin  (?)  casts  were  found  in  the 
collecting  tubules.     The  urine  was  not  examined. 

Blood  and  Hematopoietic  System.  General  Considerations. — Since 
the  observations  of  previous  workers  upon  the  blood  changes  follow- 
ing the  administration  of  dichloroethylsulfide  had  yielded  somewhat 
conflicting  results,  it  was  decided  to  undertake  a  detailed  study  of  a 
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small  series  of  rabbits,  eliminating  as  far  as  possible  incidental  factors 
which  might  influence  the  blood  picture.  Of  these  incidental  factors, 
variations  in  the  surrounding  temperature  were  found  to  be  the  most 
disturbing.  When  rabbits  were  exposed  to  a  temperature  of  from 
40-50°C.  for  ^  hour,  the  total  leucocytic  count  showed  a  tendency  to 
fall,  although  there  were  individual  exceptions.  Counts  made 
shortly  after  removing  the  animals  from  the  warm  chamber  to  room 
temperature  (15-20°C.)  invariably  showed  an  abrupt  and  striking 
rise  (Table  I).  After  this  point  had  been  established,  the  rabbits 
were  kept  in  the  laboratory  during  the  observation  period  and  fol- 
lowing the  injection  in  order  to  avoid  sudden  chilling  or  abrupt 
temperature  change.  Daily  counts  were  made  at  approximately 
the  same  time  (9  to  11  a.m.)  before  food  was  given.  The  differential 
counts  are  based  upon  an  enumeration  of  500  cells,  except  when  the 
extreme  leucopenia  made  this  impracticable.  In  spite  of  the  usual 
precautions  unexplained  variations  occurred  which  made  it  difi&cult 
to  draw  conclusions  as  to  the  percentile  fluctuation.  In  making  the 
counts  blood  was  always  taken  from  the  ear  not  used  for  injection. 
When  both  ears  had  been  used,  a  small  cut  was  made  in  the  skin 
of  the  abdomen  and  blood  taken  from  one  of  the  superficial  abdom- 
inal veins.  At  least  two  counts  were  made  on  each  rabbit  before 
injection. 

Erythrocytes. — Stress  of  other  work  prevented  a  detailed  study  of 
the  numerical  variation  in  the  erythrocytes.  Prehminary  observa- 
tion (Rabbit  9)  showed  no  significant  change.  There  were  no  strik- 
ing morphological  changes  pointing  to  a  marked  anemia,  except, 
perhaps,  the  occurrence  of  a  moderate  anisocytosis  in  the  terminal 
stages.  Polychromatophiha  is  not  infrequently  seen  in  films  from 
normal  rabbits.  Rabbit  13,  during  the  period  in  which  recovery 
from  the  effects  of  an  injection  was  taking  place,  showed  numerous 
normoblasts — an  indication  that  the  erythroblastic  tissue  had  suf- 
fered injury,  as  well  as  the  leucoblastic.  Histological  study  of  the 
bone  m.arrow  and  spleen  affords  further  evidence  of  the  toxic  action 
of  dichloroethylsulfide  upon  the  formation  of  red  blood  cells,  which 
will  be  described. 

Leucocytes. — In  all  but  two  rabbits  (Nos.  8  and  12)  of  those  sur\dv- 
ing  more  than  24  hours,  there  occurred  after  a  single  injection  of  0.005 
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to  0.01  gm.  of  dichloroethylsulfide  per  kilo  a  pronounced  fall  in  the 
number  of  circulating  leucocytes.  In  these  two  rabbits  a  second  injec- 
tion of  the  same  dose  after  7  and  8  days  respectively  was  followed  by 
the  typical  reaction.  The  leucopenia  was  preceded  by  a  transient  rise 
in  only  one  rabbit  (No.  7),  but  it  should  be  noted  that  no  counts 
were  made  at  short  periods  following  the  injection.  Although 
degenerated  leucocytes  w^th  poorly  staining  and  fragmented  nuclei 
and  vacuolated  cytoplasm  were  occasionally  found  in  films,  they  were 
infrequent,  and  even  in  the  presence  of  an  extreme  leucopenia  the 
rare  leucocytes  present  in  the  films  were  usually  normal  morpho- 
logically. Blood  platelets  were  found  at  all  stages  and  showed  no 
alterations.  As  regards  the  behavior  of  the  different  types  of  leuco- 
cytes, a  study  of  these  data  shows  that  in  some  instances  the  injection 
is  followed  by  an  absolute  and  percentile  increase  in  the  polymorpho- 
nuclears, which  fall  rapidly  with  the  onset  of  the  leucopenia.  In  the 
terminal  stages  the  polymorphonuclears  practically  disappear  from 
the  peripheral  blood.  On  the  other  hand,  sometimes  an  initial  fall 
in  the  number  and  percentage  of  polymorphonuclears  is  followed 
by  an  absolute  and  relative  increase.  This  secondary  rise  is  asso- 
ciated with  the  appearance  of  unripe  forms  in  considerable  numbers 
(Rabbits  12  and  13),  and  coincides  with  regenerative  activity  of  the 
bone  marrow,  as  shown  by  a  study  of  sections  from  rabbits  killed  at 
this  stage.  The  leucopenia  is  accompanied  by  a  relative  l3anphocytosis. 
The  absolute  number  of  lymphocytes  is  diminished  in  the  later 
stages  and  lags  behind  that  of  the  granular  cells  in  the  cases  in  which 
regeneration  is  occurring.  There  is  a  percentile  increase  in  the  large 
mononuclear  cells,  but  their  absolute  number  is  unchanged  or 
diminished. 

The  data  showing  the  alterations  in  the  blood  count  are  presented 
in  Table  I  and  in  Text-figs.  1  to  3. 

Bone  Marrow. — Although  the  appearance  of  the  marrow  varies  in 
different  animals,  there  is  evidence  of  the  destructive  effect  of  the 
dichloroethylsulfide  upon  the  blood-forming  elements.  The  variations 
observed  can  be  correlated  with  different  stages  of  injury  and  repair, 
and  these  again  are  reflected  more  or  less  closely  in  the  blood  pic- 
ture during  life.  The  following  brief  descriptions  will  illustrate  the 
different  phases  observed. 
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Rabbit  1  died  4  days  after  injection.  At  the  time  of  death  the 
leucocyte  count  had  fallen  to  800,  of  which  46  per  cent  were  poly- 
morphonuclears. The  marrow  of  the  femur  contains  a  large  amount 
of  adipose  tissue,  the  fat  cells  being  separated  by  a  loose  edematous 
tissue  containing  less  than  the  normal  number  of  cells.  The  leuco- 
cytes of  the  granulocyte  series  are  almost  without  exception  degen- 
erated. The  cytoplasm  in  sections  stained  with  Wright's  stain 
(normal  control)  shows  no  granules.  The  nuclei  stain  diffusely  and 
are  frequently  fragmented.  The  megacaryocytes  also  show  degen- 
erative changes.  Some  contain  clumps  of  pink-staining,  hyaHne 
material  in  their  cytoplasm.  There  are  islands  of  apparently  normal 
erythroblasts.  The  blood  sinuses  are  wide  and  intensely  congested 
with  normal  appearing  red  blood  cells.  They  contain  practically  no 
nucleated  elements.  The  appearances  are  interpreted  as  indicating 
an  active  injury  to  the  bone  marrow.  The  toxic  action  seems  to 
have  affected  especially  the  granular  cells. 

Rabbit  8  died  4  days  after  a  second  injection  of  dichloroethyl sul- 
fide. Leucocytes  on  the  last  2  days  had  fallen  to  800,  a  film  of  the 
peripheral  blood  showing  very  few  nucleated  cells,  which  were  almost 
exclusively  large  and  small  mononuclears.  Sections  of  the  marrow 
show  an  extreme  aplasia,  comparable  with  that  seen  in  experimental 
benzene  poisoning.  Myelocytes,  polymorphonuclears,  and  mega- 
caryocytes have  practically  disappeared.  There  are  loose  collections 
of  normoblasts  scattered  through  the  edematous  fat  tissue.  Occa- 
sional globular  fragments  of  chromatin,  often  enclosed  in  phagocytes, 
represent  the  remains  of  the  destroyed  cells.  The  sinuses  are  con- 
gested and  contain  no  leucocytes  (Fig.  1). 

Rabbit  12  was  killed  on  the  7th  day  following  a  second  injection. 
The  leucocytes  which  had  fallen  to  1,000  on  the  3rd  day  after  in- 
jection then  rose  to  1,400  and  2,100,  and  at  the  same  time  large 
numbers  of  myelocytes  appeared  in  the  peripheral  blood.  The  his- 
tological picture  shows  the  effect  of  a  previous  injury  and  at  the 
same  time  an  active  regeneration.  The  predominant  cell  type  is  the 
myelocyte,  the  granules  of  which  are  definite  and  well  stained  in 
Wright's  preparations.  There  are  also  a  fair  number  of  adult  poly- 
morphonuclears. The  myelocytes  are  congregated  in  islands,  as  are 
also  the  erythroblasts.     Megacaryocytes  are  numerous  and  are  not 
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degenerated.  There  are  many  mitoses.  The  marrow  on  the  whole 
is  less  cellular  than  normal  marrow,  and  new  fat  cells  are  in  process 
of  formation.  There  is  much  hemosiderin  pigment,  chiefly  intra- 
cellular, which  may  be  taken  as  evidence  of  previous  blood 
destruction. 

After  the  first  injection  in  Rabbit  13  there  ensued  a  fall  in  the 
leucocytes  from  37,000  to  2,700  on  the  4th  day.  This  was  apparently 
followed  by  an  active  regeneration.  The  count  rose  again  to  32,400, 
followed  by  a  shght  drop  to  25,400.  At  this  point  a  second  injection 
was  given,  which  again  was  followed  by  a  marked  leucopenia,  the 
leucocytes  falHng  to  300  per  c.mm.,  at  which  point  the  rabbit  was 
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Text-Fig.  1.  Variations  in  the  total  leucocyte  count  after  the  intravenous 
injection  of  dichloroethylsul6.de.^^ 

killed.  The  marrow  histologically  shows  evidence  of  an  initial  in- 
jury, followed  by  repair  and  a  fresh  destruction  of  the  regenerating 
cells.  There  are  large  areas  of  almost  complete  aplasia,  similar  to 
that  described  in  Rabbit  8.  But  there  are  also  hyperplastic  areas, 
composed  of  aggregates  of  large  cells  with  poorly  staining  nuclei, 
which,  under  the  high  power,  are  found  to  be  distorted  and  obviously 
degenerating.  It  would  seem  that  these  hyperplastic  foci  have  been 
again  injured  by  the  second  injection  of  the  toxic  substance. 

^^  The  text-figures  include  only  the  animals  in  which  blood  counts  were  made 
during  a  preliminary  period.  The  fluctuations  produced  by  abrupt  change  in 
the  surrounding  temperature  are  omitted. 
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Spleen. — Changes  in  the  follicles — fragmentation  of  lymphoid  cells 
with  phagocytosis  of  chromatin  particles — were  seen  only  in  Rabbits 
4  and  5.    Both  these  animals  died  within  less  than  24  hours  after 


..u-^u, 

r/- 

"~ 

n 

"1 

~ 

" 

"■ 

"■ 

39,oaO 

Jgooo 

35,ooo 

a-f  ooo 

/ 

/ 

1 

27000 

/ 

-Rab 

bl 

ti 

2 

di 

^1 

oroefhylsulfici 

e. 

0 

)0 

^6 

■n. 

iserliilo 

/ 

/ 

\ 

/ 

■Rab 

bt 

^7 

/ 

\ 

/ 

f 

^ 

s 

' 

dK 

Oil 

ori 

oet 

hy 

Isi 

iif 

ide 

oloc 

)5^ 

•F 

cr 

ki 

lo 

■Ralblil-H 

6 

s 

' 

/ 

1 

dichic 

>rqethy|sdlfi|de 

\ 

j 

QOO^;^ 

T1.    f 

)erL 

<ilo 

\ 

1 

*. 

/ 

' 

4' 

s 

^ 

s, 

; 

<-. 

~» 

I 

h 

ichi 

ore 

J  el 

hyl'su 

f«d 

e 

1 

s 

r  <= 

.OOi^^m. 

geV  kW 

1 

^ 

\ 

1 

\ 

1 

^ 

1 

1 

1 

\ 

V 

; 

V 

^ 

\ 

\- 

Y 

\ 

1 

^ 

\ 

\ 

/ 

/ 

_ 

_j 

'^ 

! 





21   Z2.Z3»  Z5Z6 
SEPT 


OCT. 


5  £   7    6   9  lO 


Text-Fig.  2.    Variations  in  the  total  leucocyte  count  after  the  intravenous 
injection  of  dichloroethylsulj&de. 

injection.  In  the  remaining  rabbits  the  folHcles  were  normal,  or  at 
least  showed  no  signs  of  either  active  destruction  or  excessive  pro- 
liferation. The  sinuses  in  the  majority  of  the  rabbits  contained  large 
mononuclear  cells  laden  with  blood  pigment.     The  most  striking 
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change,  however,  was  the  paucity  of  free  cells  in  the  meshes  of  the 
reticulum.  The  sinuses  were  separated  by  strands  of  cells  with  pale 
oval  nuclei,  evidently  belonging  to  the  reticular  elements. 

Lymphoid  Tissue. — The  two  rabbits  (Nos.  4  and  5)  which  showed 
acute  destruction  of  the  l\-mphoid  cells  of  the  splenic  folhcles  also 
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Text-Fig.  3.    Variations  in  the  total  leucocyte  count  after  the  intravenous 
injection  of  dichloroethylsulfide. 


showed  cytolysis  of  the  lymphocytes  of  the  thymus  and  of  the  intes- 
tinal lymphoid  tissue. 

Because  of  the  great  susceptibility  of  the  small  thymus  cells  and 
of  the  tissue  lymphocytes  generally  to  injurious  agents,  we  are  not 
inclined  to  regard  this  as  a  specific  effect  of  the  dichloroethylsulfide, 
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particularly  as  it  was  not  present  when  the  destruction  of  the  bone 
marrow  elements  was  extreme. 

The  injury  to  the  blood-forming  tissues  described  bears  a  close 
resemblance  to  the  well  known  action  of  benzene,  with  the  possible 
difference  that  the  erythroblastic  tissues  appear  to  be  less  seriously 
injured  than  they  are  with  the  latter  substance.  It  had  been  ascer- 
tained that  the  Germans  were  using  nitrobenzene  and  chlorobenzene 
as  solvents  for  dichloroethylsulfide  in  shell  fillings,  and,  indeed,  the 
distillate  used  by  us  in  our  experiments  was  said  to  have  contained  a 
proportion  estimated  at  roughly  from  10  to  20  per  cent  of  these 
benzene  derivatives.    Although  we  were  not  able  to  find    state- 
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Text-Fig.  4.    Variations  in  the  total  leucocyte  count  after  the  intravenous 
injection  of  nitrobenzene  and  dichloroethylsulfide. 

ments  in  the  literature  as  to  the  leucotoxic  action  of  chlorobenzene 
and  nitrobenzene,  doubt  naturally  arose  as  to  whether  the  effects 
which  we  observed  might  not  have  been  attributable  to  the  admixture 
of  these  solvents,  rather  than  to  the  dichloroethylsulfide  itself,  al- 
though the  minute  amounts  contained  in  the  doses  injected  made  this 
rather  improbable.  The  armistice  prevented  further  control  experi- 
ments at  that  time.  Recently,  however,  one  of  us  has  been  able 
to  perform  additional  experiments  on  a  small  series  of  rabbits,  which 
make  it  clear  that  the  toxic  action  upon  the  leucocytes  and  bone  mar- 
row is  due  to  the  dichloroethylsulfide,  and  not  to  a  possible  admixture 
of  chlorobenzene  and  nitrobenzene. 
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After  a  preliminary  period  of  observation  two  rabbits  were  injected 
intravenously  with  0.15  and  0.2  cc.  of  nitrobenzene  respectively — 
doses  approximately  fifteen  and  twenty  times  as  large  as  the  total 
dose  of  dichloroethylsulfide  used  in  the  original  experiments.     In 
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Text-Fig.  5.    Variations  in  the  total  leucocyte  count  following  the  intra- 
venous injection  of  chlorobenzene  and  dichloroethylsulfide. 
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Text-Fig.  6.    Variations  in  the  total  leucocyte  count  following  the  intravenous 
injection  of  chlorobenzene  and  dichloroethylsulfide. 

neither  of  the  rabbits  did  a  leucopenia  develop.  After  4  days,  during 
which  time  the  animals  gained  in  weight  and  showed  no  symptoms, 
they  received  an  intravenous  injection  of  dichloroethylsulfide. ^^     In 

*^  The  sample  used  was  obtained  by  Dr.  Winternitz  from  the  American  Uni- 
versity, and  was  stated  to  be  free  from  nitrobenzene  and  chlorobenzene. 
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TABLE  II. 

Date. 

Substance  injected. 

No.  of  leucocytes. 

Weight. 

1919 

gm. 

16 

July  15,    1.00  p.m. 
"    16,    2.10    " 
"    23,    1.25    " 

6,175 
6,600 
7,500 

"    24,11.10  a.m. 

4,750 

1,600 

11.15     " 

0.1  cc.  of  chlorobenzene  in- 
travenously. 

"    25,10.30    " 

3,680 

1,650 

"    26,  10.00    " 

5,500 

1,530 

"    27,  10.00    " 

10,250 

1,670 

"    28,10.15    " 

10,400 

1,540 

"    29, 10.00    " 

7,900 

1,500 

10.50    " 

0.01  cc.  of  dichloroethylsulfide 
intravenously    (0.009    gm. 
per  kilo). 

"    30,  10.30    " 

4,800 

1,470 

"    31 

2,850 

1,450 

Aug.   1 

450 

1,430 

"      2 

Found 
dead. 

14 

July  15,  11.30  a.m. 
"    16,    1.30  p.m. 
"    23,    1.15     " 
"    24,    9.50  a.m. 
10.05     " 

0.15  cc.  of  nitrobenzene  in- 
travenously (1.5  cc.  of  10 
per  cent  solution  in  abso- 
lute alcohol  plus  3  cc.  of 
distilled  water). 

6,500 
7,400 
8,100 
6,250 

"    25,  10.00    " 

5,300 

1,630 

"    26,   9.30    " 

6,200 

1,730 

"    27,   9.30    " 

6,300 

1,790 

"    28,   9.30    " 

5,650 

1,620 

2.35  p.m. 

0.01  cc.  of  dichloroethylsulfide 
intravenously    (0.007    gm. 
per  kilo). 

"    29,    9.30  a.m. 

3,500 

1,620 

"    30,   9.30    " 

800 

1,550 

2.30  p.m. 

Killed. 
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TABLE  II — Condiided. 


II 

< 

Date. 

Substance  injected. 

No.  of  leucocytes. 

Weight. 

YPiP 

gm. 

15 

Jul> 

'  15,  12.30  p.m. 
16,    1.45     " 

8,300 
8,850 

a 

23,    1.00     " 

10,300 

(( 

24,  10.30  a.m. 
10.35     " 

0.2  cc.  of  nitrobenzene  intra- 
venously. 

6,400 

1,720 

« 

25,10.15     " 

5,800 

1,770 

« 

26,    9.45    " 

6,700 

1,900 

<< 

27,    9.45     " 

7,800 

1,860 

<( 

28,    9.55     " 

0.01  cc.  of  dichloroethylsulfide 
intravenously    (0.007    gm. 
per  kilo). 

6,100 

1,770 

« 

29,    9.45    " 

1,500 

1,720 

« 

30,    9.45     " 

1,050 

1,720 

(( 

31,  11.00    " 

>200 
(counted  from 
heart's  blood). 

? 
Killed. 

17 

11 

15,  12.45  p.m. 

10,450 

« 

16,    2.45     " 

11,300 

(< 

23 

13,900 

« 

24,  11.30  a.m. 
11.35     " 

0.05  cc.  of  chlorobenzene  in- 
travenously. 

8,900 

2,000 

« 

25,  10.45     " 

10,400 

2,120 

<( 

26,10.10     " 

8,000 

2,270 

(( 

27,  10.20    " 

10,700 

2,430 

« 

28,  10.30     " 

8,700 

2,140 

<( 

29,  10.30     " 
11.00     " 

0.02  cc.  of  dichloroethylsulfide 
intravenously     (0.012     gm. 
per  kilo). 

10,400 

2,040 

(( 

30,  10.45    " 

4,900 

1,980 

(( 

31,  10.00     " 

2,400 

1,940 

Aug 

.    1,  10.15     " 

300 

1,900 

« 

2,  10.00     " 

>200 

1,760 
Killed. 

each  rabbit  the  injection  was  followed  by  the  typical  leucopenia 
(Text^fig.  4,  Table  II). 
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Two  rabbits  also  were  injected  with  chlorobenzene,  the  doses  used 
being  0.1  and  0.05  cc.  respectively.  One  of  these  rabbits  before 
injection  showed  a  shght  leucopenia  (4,750  per  c.mm.),  and  on  the 
follo\\dng  day  the  leucocytes  fell  to  3,680;  they  then  rose  to  shghtly 
above  normal  and  remained  so.  The  other  rabbit  showed  no  sig- 
nificant fluctuation.  5  days  after  the  first  injection  each  rabbit 
received  an  intravenous  injection  of  dichloroethylsulfide,  the  dose 
being  0.009  and  0.012  gm.  respectively,  and  this  was  followed  by  the 
typical  reaction.  The  leucocyte  counts  are  shown  in  Text-figs.  5 
and  6  and  Table  II. 

These  experiments,  though  not  numerous,  are  clear-cut,  and  seem 
to  rule  out  definitely  the  possible  part  played  by  the  benzene  deriva- 
tives in  producing  these  striking  eft'ects  upon  the  blood-forming 
organs. 

CONCLUSIONS. 

1.  The  lethal  dose  of  dichloroethylsulfide  (distilled  from  a  German 
yellow  cross  shell),  when  injected  intravenously  into  rabbits,  is  from 
0.005  to  0.01  gm.  per  kilo. 

2.  Rabbits  dying  within  24  hours  showed  extensive  hemorrhages 
and  edema  of  the  lungs. 

3.  Severe  lesions  of  the  intestinal  tract  were  present  in  about  one- 
third  of  the  rabbits. 

4.  Dichloroethylsulfide  injected  intravenously  is  specifically  poi- 
sonous for  the  hematopoietic  tissues.  Severe  lesions  are  caused  in 
the  bone  marrow,  and  the  number  of  circulating  leucocytes  is  mark- 
edly diminished.  In  animals  surviving  the  injection  regeneration 
occurs.  The  granular  cells  of  the  bone  marrow  seem  to  be  more  sen- 
sitive than  the  lymphoid  cells  and  the  erythrocytes. 

5.  The  effect  upon  the  blood  and  hematopoietic  tissues  is  not  due 
to  the  admixture  of  nitrobenzene  or  chlorobenzene  in  the  shell  fill- 
ing. Injection  of  these  substances  in  animals  in  amounts  many 
times  greater  than  the  total  dose  of  dichloroethylsulfide  used  pro- 
duced no  changes  in  the  blood  picture,  and  the  subsequent  injection 
of  dichloroethylsulfide  free  from  these  solvents  produced  a  typical 
reaction. 
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EXPLANATION  OF  PLATE  10. 

Fig.  1.  Rabbit  8.  Bone  marrow  of  femur  4  days  after  the  second  injection  of 
0.005  gm.  of  dichloroethylsulfide.  The  sinuses  (bid.  ves.)  are  widely  dilated  and 
filled  with  erythrocytes.  They  contain  practically  no  nucleated  cells.  The  endo- 
theUal  cells  (etid.)  are  preserved.  There  are  scattered  megacaryocytes  (mg.) 
with  darkly  stained  nuclei.  There  are  also  degenerating  cells  with  fragmented 
chromatin  (pyc).  Myeloblasts,  myelocytes,  and  adult  granulocytes  of  all  types 
have  disappeared,  and  there  are  only  occasional  small  mononuclear  elements. 
The  space  between  the  sinuses  is  occupied  by  advdt  and  immature  fat  cells  (/.). 
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end. 


—  pyc 


(Pappenheimer  and  Vance:  Intravenous  injections  of  dichloroethylsulfide.) 
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The  effects  of  intravenous  injections  of  dichlorethylsulphide 

in  rabbits. 

By  Alwin  M.  Pappenheimer. 
[From  Columbia  University,  New   York  City.] 

The  effect  of  intravenous  injections  of  dichlorethylsulphide 
(mustard  gas)  was  studied  in  a  small  series  of  rabbits.  The  mini- 
mum lethal  dose  was  found  to  be  from  0.005  grn.  to  o.oi  gm.  per 
kilo.  The  injection  was  followed  by  emaciation,  diarrhea,  and, 
in  animals  dying  within  a  few  hours  following  the  injection,  ex- 
treme restlessness,  incoordinate  movements,  retraction  of  the 
head,  and  transient  spasticity,  but  no  definite  paralyses  or  con- 
vulsions. Animals  dying  within  twenty-four  hours  or  so  showed 
irregular  pulmonary  edema.  The  most  interesting  effects  were 
found  in  the  hemato-poietic  system.  Usually  on  the  second 
day  after  the  injection,  the  circulating  blood  showed  a  marked 
leukopenia,  which  in  the  terminal  stages  became  extreme,  leuko- 
cytes falling  to  1,000  per  cubic  mm.  or  less.  In  animals  which 
recovered  there  followed  a  gradual  restoration  to  the  original 
level.  The  leukopenia  was  accompanied  by  a  relative  but  not 
absolute,  mononucleosis.  The  erythrocytes  appeared  to  be  less 
severely  injured. 

A  study  of  the  bone  marrow  in  these  animals  shows  an  effect 
comparable  to  that  of  benzol.  There  is  early  destruction  of  the 
cells  of  the  granulocyte  series  and  in  some  animals  an  extra- 
ordinary depletion  of  the  bone  marrow.  Animals  which  partially 
recovered  from  the  initial  injection  and  were  then  killed,  showed 
active  regenerative  changes  in  the  bone  marrow. 

There  is  a  possibility  that  these  effects  may  have  been  due  to 
the  chlor-benzine  or  nitro-benzine  used  as  a  solvent  in  German  gas 
shells,  and  carried  over  in  the  distillate  used  for  injection.  In 
view  of  the  small  amount  of  such  impurity  present,  this  does  not 
seem  likely,  but  there  was  no  opportunity  to  repeat  the  experi- 
ments with  dichlorethylsulphide  completely  freed  from  this  solvent. 

The  experiments  were  carried  out  in  collaboration  with  Capt. 
Morgan  B.  Vance,  M.C.,  at  Hanlon  Field,  Chaumont,  France. 


FURTHER    STUDIES    OX   THE    IMPORTANCE   OF  THE    LYMPHO- 
CYTE   IN    CANCER    IMMUNITY.* 

M.   J.    SiTTENFIELD. 

(^From  the  Department  of  Pathology,   College  of  Physicians  and  Surgeons, 
Columbia    University.) 

In  a  previous  communication^  were  reported  experiments 
which  failed  to  induce  immunity  in  rats  inoculated  with  Flex- 
ner  Jobling  rat  carcinoma,  when  artificial  hyperlymphocy- 
tosis  was  produced  on  the  one  hand ;  or  to  alter  their 
resistance  to  F.  J.  R.  C.  by  depletion  of  the  lymphoid  cells 
in  the  circulating  blood  on  the  other.  To  review  them 
briefly:  In  one  set  of  white  rats  a  high  lymphoid  count  in 
the  blood  was  induced  by  repeated  injections  of  pilocarpin, 
causing  a  general  rise  of  the  small  mononuclear  lymphocyte 
from  twenty-five  or  thirty  per  cent  to  fifty- five  and  even  sixty 
per  cent.  At  this  period  they  were  inoculated  with  F.  J.  R.  C. 
and  the  resultant  percentage  of  takes  was  the  same  in  the 
controls  as  in  the  experimental  rats.  In  the  second  set  of 
experiments  a  leucocytic  cream  from  rats,  which  had  pre- 
viously been  treated  with  small  or  stimulating  doses  of  x-ray, 
was  injected  intravenously  into  normal  rats  so  that  a  high 
lymphocyte  count  in  the  general  circulation  resulted,  and 
when  these  were  inoculated  with  the  F.  J.  R.  C.  they  main- 
tained their  normal  susceptibility,  as  the  percentage  of 
successes  did  not  differ  from  that  in  the  controls,  i.e.,  the  artifi- 
cial stimulation  of  the  small  mononuclear  lymphocyte  in  both 
sets  of  experiments  exhibited  no  manifestations  of  immunity. 
In  a  third  set  of  experiments  a  number  of  nullers,  whose 
absolute  immunity  was  tested  by  several  inoculations  with 
the  F.  J.  R.  C,  were  rayed  repeatedly,  almost  depleting  them 
of  their  lymphoid  elements,  by  causing  the  lymphocyte  in 
the  blood  to  fall  to  four  per  cent.  When  these  were  subse- 
quently inoculated  with  the  F.  J.  R.  C.  their  state  of  immunity 
was  not  in  the  least  altered.  In  other  words,  the  suscepti- 
bility to  F.  J.  R.  C.  in  the  one  set  of  rats  remained   the  same 

*  Received  for  publication  June  i,  1918. 
(465) 
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in  spite  of  the  hyperlymphocytosis  induced,  and  in  the  other 
the  state  of  resistance  to  F.  J.  R.  C.  was  maintained  in  the 
face  of  almost  complete  depletion  of  the  lymphoid  elements 
in  the  rats.  These  results  were  so  contrary  to  those  reported 
by  Murphy  and  Morton''^  that  further  experiments  were  advis- 
able in  order  to  clear  up  our  differences,  inasmuch  as  an 
important  factor  in  immunity  to  cancer  was  concerned. 
Therefore,  several  other  experiments  were  conducted,  follow- 
ing closely  the  work  of  Murphy,  except  that  F.  J.  R.  C.  was 
used  in  this  work.  In  eighty-nine  rats  inoculated  with 
F.  J.  R.  C.  the  tumor  was  excised  completely,  ranging  at  dif- 
ferent periods  from  ten  to  twenty-eight  days.  While  the 
tumor  was  out  a  small  or  stimulating  dose  of  x-ray  was 
administered.  They  were  re-inoculated  with  their  own  tumor 
in  the  opposite  axilla.  Careful  blood  counts  were  made 
before  and  after  the  raying  to  determine  the  degree  of 
lymphocytosis,  and  in  all  but  two  the  tumor  grew  at  the  site 
of  the  second  inoculation.  In  none  was  there  a  recurrence 
at  the  original  site  of  the  tumor. 

Chart  I. 


Number  of 
Rats. 

Small 
Mononuclears 
before  Raying. 

Small 
Mononuclears 
after  Raying. 

Percentage 
of  Takes. 

Percentage  of 
Recurrences  at 
Original  Site. 

Experiment  .   . 
Controls  .... 

S9 
49 

Per  Cent. 
JO-S4 

Per  Cent. 

26-70 

98 
97-9 

0 

In  forty-seven  rats  incomplete  excision  of  the  tumor  was 
purposely  performed,  and  the  same  procedure  followed  as 
above,  namely,  the  same  x-ray  dose  was  administered,  while 
the  tumor  was  out,  and  also  re-inoculated  with  the  same 
tumor  in  the  opposite  axilla,  and  in  these  the  tumor  grew  in 
every  one  at  the  site  of  the  second  inoculation  and  recurred 
in  forty-eight  per  cent  at  the  site  of  excision.  In  brief,  the 
results  corroborated  the  findings  reported  by  me  at  the  last 
meeting  of  this  society. 
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Experiment 
Controls  .    . 


Number  of 
Rats. 


Small 
Mononuclears 
before  Raying. 


Per  Cent. 
10-37 
11-35 


Small 
Mononuclears 
after  Raying. 


Per  Cent. 
24-^5 


Percentage 
of  Takes. 


89-3 
90 


Percentage  of 
Recurrences  at 
Original  Site. 


These  results  seemed  conclusive  that  the  degree  of  lympho- 
cytosis had  very  little  to  do  with  immunity  to  Flexner  Jobling 
rat  carcinoma,  and  to  test  it  further,  it  seemed  advisable  to 
repeat  Murphy's  experiment  in  mice.  I  wish  here  to  express 
my  thanks  for  the  courtesy  extended  to  me  by  Dr.  Murphy, 
supplying  me  with  his  mouse  tumor,  and  it  will  be  of  interest 
to  note  that  the  results  obtained  in  mice  were  quite  similar  to 
those  reported  by  Murphy  and  Morton,^  excepting  perhaps 
that  our  tumors  recurred  at  the  usual  periods,  and  the  latency 
of  four  to  five  weeks  after  the  raying  could  not  be  confirmed. 
Careful  blood  counts  were  made  in  these  mice  before  and  after 
raying,  the  increase  of  the  small  mononuclear  lymphocyte 
ranged  in  average  from  thirty  to  nearly  fifty  and  fifty-five 
per  cent  in  a  total  of  14,000  to  18,000  whites.  The  red 
blood  cells  also  were  quite  high,  ranging  from  five  to  seven 
millions.  This  high  lymphoid  count  generally  reached  its 
optimum  in  from  forty-eight  to  seventy-two  hours  and  con- 
tinued for  about  five  to  six  days.  The  tumor  generally  was 
of  moderate  size  on  the  tenth  to  twelfth  day.  Out  of  ninety- 
three  mice  treated  with  a  small  dose  of  x-ray,  while  the 
tumor  was  out  of  the  body,  and  then  re-inoculated  with  their 
own  tumor,  fifty-four  tumors  recurred,  eighteen  died  during 
the  experiment  and  the  rest,  or  twenty-one,  remained  free. 
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Number  of 
Mice. 

Small 
Mononuclears 
before  Raying. 

Small 
Mononuclears 
after  Raying. 

Percentage 
of  Takes. 

Number 
Dying  during 
Kxperiment. 

Experiment   .    . 
Controls  ... 

93 
SO 

Per  Cent. 

S-27 
S-16 

Per  Cent. 

2S-S6 

ss 

18 
60 

Woglom  reported  at  the  last  meeting  of  the  American 
Association  for  Cancer  Research  that  the  histological  picture 
of  lymph  nodes  of  immune  rats  did  not  differ  from  that  of 
normal  susceptible  ones.  In  my  own  clinical  observations 
I  have  encountered  many  cases  of  advanced  carcinoma  with 
metastasis  where  a  very  high  lymphoid  count  continued 
throughout  the  course  of  the  disease  Furthermore,  in 
malignant  lymphomata  the  carcinoma  has  a  predilection  for 
the  lymph  glands  throughout  the  body.  The  same  is  true 
of  lympho-sarcomata.  Therefore  it  is  difficult  to  conceive 
how  the  immunizing  factor  can  be  attributed  to  the  small 
mononuclear  lymphocyte. 

It  must  appear  to  every  one  that  the  behavior  of  tumor 
growth  in  white  rats  inoculated  with  F.  J,  R.  C.  was  not 
influenced  in  the  slightest  by  the  high  lymphoid  count. 

The  agent  which  causes  immunity  to  some  degree  in  mice 
and  fails  entirely  in  rats  must  necessarily  be  of  negligible 
value. 
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ATYPICAL  HORSESHOE  KIDNEY 

J.    G.    GARLOCK 

{From  the  Pathological  Laboratory  of  the  Presbyterian  Hospital,  Neiv  York) 

Anomalies  of  the  kidney  fall  into  several  well-recognized 
groups,  of  which  the  more  important  are  unilateral  congenital 
atrophy,  fused  kidney,  solitary  kidney,  and  lobulated  kidney. 
While  this  specimen  does  not  correspond  exactly  with  any  of  the 
commoner  types  descril^ed,  it  may  be  regarded  as  an  atypical 
horseshoe  kidney. 

In  the  clinical  history  of  the  case  there  was  nothing  to  indi- 
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cate  the  existence  of  renal  anomaly.  The  patient,  a  negro  man 
uf  -2  years,  had  been  admitted  to  the  hospital  four  times  during 
the  last  two  }-ears  of  his  life,  complaining  generally  of  dyspnea, 
edema    of    extremities,    and    lassitude.      Physical    examination 


Fk;.   I.     Atypical  liorscshoe  kidiu'v.     A',  A',  A''.  A*,   renal  arteries. 


showed  exidences  of  arteriosclerosis  and  chronic  niNocardilis 
with  cardiac  insufficiency  and  glycosmn'a.  Ihc  circulatory  con- 
dition generally  improved  inidcr  treatment ,  and  the  sugar  disap- 
Itcarcd  from  the  m'ine  with  a  proper  diet.  I  hu'ing  his  last  stay 
in  the  lio-pital  the  ^-ngar  |)crsistc(l  in  the  m-ine,  and  gangrene  of 
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the  right  foot  de\-eloped,  followed  by  general  anasarca,  coma, 
and  death.  The  specific  gravity  of  the  urine  was  1.030  to  1.040, 
and  there  was  a  trace  of  albumin,  Init  no  casts  or  cells.  The  sys- 
tolic blood  pressure  was  166,  the  diastolic  70. 

At  autopsy  there  was  found,  in  addition  to  the  renal  anomaly, 
a  generalized  arteriosclerosis,  involving  especially  the  aorta,  and 
the  coronary  and  cerel^ral  vessels,  chronic  passive  congestion  of 
the  organs,  and  a  chronic  intralobular  pancreatitis.  Only  the 
kidneys,  however,  need  be  described.  When  the  intestines  were 
removed,  a  big  mass  of  kidney  tissue  was  seen  to  the  right  of 
the  vertebral  column,  with  only  a  small  mass  in  the  region  of 
the  left  kidney.  Kidneys,  ureters,  and  Ijladder  were  then  re- 
moved en  masse  and  carefully  dissected.  The  right  kidney  was 
found  to  be  fully  twice  as  large  as  the  left,  and  there  was  a  broad 
mass  of  kidney  substance  extending  between  the  two  from  the 
hilus  to  the  lower  poles.  The  upper  part  of  this  uniting  Ijand 
projected  further  forward  than  the  lower,  as  is  shown  in  the 
accompanying  illustration  ( Fig.  i ) .  Posteriorly,  there  was  a 
uniform  sheet  of  kidney  tissue  connecting  the  two  organs.  The 
renal  vessels  and  ureters  showed  also  certain  abnormalities  in 
their  origin  and  branching.  There  were  four  arteries.  The 
first  (A^)  left  the  aorta  rather  high  up  on  the  right  side  and 
divided  immediately  into  two  branches,  which  supplied  the  upper 
portion  of  the  right  kidney.  The  second  {A'-)  came  off  on  the 
left  side  about  opposite  the  left  renal  vein  and  gave  l)ranclies  to 
the  small  left  kidney  and  to  a  part  of  the  medial  sheet  of  kidney 
tissue.  The  third  (A^')  was  an  anterior  Ijranch  of  the  aorta, 
starting  just  below  the  renal  veins  and  supplying  the  lower  por- 
tion of  the  right  kidney.  The  fourth  (A^)  was  given  off  at  a 
point  about  opposite  the  lower  border  of  the  kidney,  that  is,  only 
4  cm.  above  the  bifurcation.  It  supplied  the  lower  portion  of 
the  renal  isthmus.     The  veins  showed  no  definite  abnormalities. 

The  two  ureters  pursued  a  normal  course  after  leaving  the 
kidney,  but  were  anomalous  in  their  beginnings.  The  right 
drained  only  the  upper  portion  of  the  right  kidney,  while  the  left 
was  formed  l)y  branches  from  the  left  kidney,  the  lower  portion 


94  J.   G.   GARLOCK 

of  the  right,  aiul  the  medial  communicating  mass  of  kichiey 
tissue. 

It  is  evident  from  this  brief  description  that  this  specimen  is 
not  a  t}i)ical  horseshoe  kidney,  ahhough  it  undoubtedly  belongs 
to  that  general  group.  Eisendralh  dixides  fused  kidneys  into 
three  classes:  (i)  Typical  horseshoe  kidney  with  fusion  confined 
to  the  lower  poles;  (2)  intermediate  form  of  solitary  kidney; 
(3  )  disc-like  kidney,  where  both  organs  are  fused  into  one  disc- 
shaped mass.  This  specimen  falls  into  the  second  class  of  inter- 
mediate solitary  kidney.  A  similar  case  has  been  described  by 
Kiister. 

Horseshoe  kidneys  are  not  rare.  They  constitute  by  far  the 
most  C(^mmon  form  of  renal  malformation.  Keyes,  in  11,000 
autopsies,  found  53  malformed  kidneys,  and  16  of  these  were 
of  the  horseshoe  type.  The  origin  of  the  fused  kidney  is  fairly 
well  understood.  The  two  mesothelial  bodies,  which  are  the 
"  anlagen  "  of  the  renal  parencliMua,  unite  with  the  outgrowths 
frrjm  the  \\\)lffian  ducts,  which  form  the  collecting  radicals  of 
the  renal  system.  These  primitive  structures  gradually  ascend 
from  the  pel\"is  to  their  final  resting  place.  It  is  before  this 
ascent  or  (Uu'ing  it  that  the  lower  ])oles  may  approximate  and 
become  fused.  The  amount  of  kidney  tissue  invoh-ed  in  this 
disturbance  determines  the  character  and  conformation  of  the 
anomaK'.  According  to  Charles  ]\la}'o,  anomalies  of  the  blood 
vessels  are  due  to  the  i)ersistence  of  some  of  the  vessels  of  the 
plexus  which  >urroun(ls  the  renal  "  anlage "  during  embryonic 
life. 

The  clinical  significance  of  fused  kidney's  has  received  a  good 
deal  of  attention.  Rovsing,  after  studying  four  cases,  con- 
structed a  clinical  jjicture  of  horseshoe  kidney,  the  chief  feature 
of  which  is  ])ain  across  the  abdomen  induced  by  exercise,  exag- 
gerated when  the  ])atient  bends  forward,  and  reliexcd  ])}•  lying 
down.  lie  belie\es  that  such  masses  of  kidnc}'  tissue  can  be 
palpated  in  front  of  the  great  \essels  in  indixiduals  with  lax 
abdominal  walls.  iMsendrath  has  called  attention  to  the  relative 
fre(|uenc\'  of  h\(lrone|)hr(  sis  and  pyone|)hrosis  in  horseshoe  k'id- 
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neys,  and  cites  two  cases  in  which  a  diagnosis  of  horseshoe  kid- 
ney was  made  before  operation. 
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Discussion: 

Dr.  a.  L.  Louria  :  The  clinical  picture  that  Dr.  Garlock  suggests  inter- 
ests me  because  of  a  case  I  saw  two  years  ago.  The  patient  was  a  girl, 
twent}'  years  old,  who  complained  of  pain  just  below  the  umbilicus.  She 
was  well  nourished  and  did  not  look  ill.  Physical  examination  revealed 
nothing  beyond  a  mass  just  above  the  level  of  the  sacrum,  about  two  inches 
broad,  tender,  and  definitely  overlying  the  aorta  and  pressing  upon  it,  as  evi- 
denced by  a  bruit  and  a  transmitted,  non-expansile  pulsation.  The  diagnosis 
of  horseshoe  kidney  was  made,  and  this  was  subsequently  confirmed  at 
operation  at  the  Jewish  Hospital. 

Dr.  Moschcowitz  :  It  seems  to  me  it  would  be  verj-  interesting  to  deter- 
mine the  relation  of  the  pelves  by  .r-raying  the  kidney  after  the  injection 
of  collargol. 

Dr.  Leon  Louria:  In  the  case  just  mentioned,  which  was  sent  to  the 
Jewish  Hospital  of  Brooklyn,  the  diagnosis  was  made  before  operation.  We 
injected  thorium,  which  affirmed  the  diagnosis  and  gave  a  beautiful  picture 
of  the  relation  of  the  pelves  of  the  kidnej's.  The  patient  was  operated  upon 
successfully  and  relieved  of  her  pain.  It  is  interesting  to  note  further  that, 
while  her  symptoms  were  temporarily  alleviated,  she  returned  to  the  hospital 
some  time  later  with  a  recurrence  of  the  abdominal  pain.  On  examination  a 
mass,  similar  to  that  before  operation,  was  readily  palpated.  It  appears  that 
the  severed  poles  had  reunited.  Unfortunately  her  symptoms  subsided  dur- 
ing her  stay  in  the  hospital,  and  she  refused  a  second  operation,  so  that  we 
were  unable  to  substantiate  our  assumption.  It  would  be  interesting  to  learn 
if  surgery  can  completely  relieve  such  anomalies. 

Dr.  William  Linder:  My  only  experience  in  operating  upon  a  horse- 
shoe kidney  is  in  the  case  referred  to  me  by  Dr.  Leon  Louria.  A  previous 
diagnosis  having  been  made,  I  made  a  right  rectus  incision  and  entered  the 
peritoneum.  After  the  intestines  had  been  thoroughly  packed  away,  the 
posterior  layer  of  the  peritoneum  overlying  the  kidney  was  incised  and  the 
kidney  exposed.  The  blood  supply  was  studied  and  the  ureters  identified  ; 
the  kidney  was  then  severed  and  a  wedge-shape  piece  removed  from  each 
part  in   order   to   reconstruct  the   lower   pole.     I   was   not   satisfied   until  we 
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could  place  the  left  kidney  to  the  left  of  the  spinal  column.  Subsequent  ex- 
amination of  the  patient  revealed  a  probable  reunion  of  the  severed  kidney. 
I  believe  that  the  fibrous  capsule  which  enveloped  the  entire  kidney  had  prob- 
abh"  pulled  the  poles  together.  In  the  next  case,  I  propose  making  a  median 
incision  and  going  through  intraperitoneally  in  order  that  I  may  be  able  to 
fix  one  kidney  higher  and  decapsulate  the  other,  so  that  a  union  can  not  take 
place.    Perhaps  we  can  thus  avoid  the  fusion  of  the  two  poles. 
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A  POLYPOID  MYXOMA  OF  THE  HEART 

HENRY   W.    LOURIA 
{From  the  F^athological  Laboratory  of  the  Presbyterian  Hospital,  N^czv  York) 

The  specimen  which  I  wish  to  present  is  an  example  of  the 
so-called   polypoid   myxoma  of   the   heart,    a   very  rare   tumor, 
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though  probal)Iy  the  most  common  one  originating  in  the  heart, 
which,  as  yon  know,  is  rarely  the  seat  of  primary  new  growths. 
In  a  series  of  twentv-eight  cardiac  neoplasms  collected  l)y  Berth- 
enson  in  181)5.  myxoma  ranked  second  in  frequency;  l)ut  in  a 
larger  series  of  ninetv-one  cases,  re\iewed  by  Lincl  in  1909.  this 
tumor  stood  first,  there  l)eing  eighteen  cases  of  myxoma  and 
thiriecn  of  ssrcon^a.  the  second  in  fretpiency.  Of  the  total  num- 
l)er  of  mvxomala  of  the  heart  reported  u})  to  the  present  time, 
only  three  have  been  described  in  -\merican  liierature.  whereas 
at  lerst  twenty  have  been  recorded  in  the  (lerman  journals  of 
the  p/ast  twent\'-ii\e  ^■ears.  This  tumor  appears  to  ha\'e  excited 
special  interest  among  the  German  pathologists,  not  so  much 
because  of  its  comparative  rarity  among  tumors  in  general,  as 
Ijccause  of  the  discussion  which  arose  over  the  question  as  to 
whether  i;r  no'  the  tumor  is  a  true  neoplasm.  I  shall  take  up 
this  question  after  presenting  my  case. 

The  patient  from  whom  the  specimen  was  obtained  was  a 
W(;man,  aged  53,  who  was  admitted  to  the  Presbyterian  Hos- 
pital in  July.  191 7.  complaining  of  shortness  of  Ijreath  and  gen- 
eral weakness  of  f(  nr  months'  duration.  Her  family  history 
was  irrele\ant.  her  past  history  negatixe.  She  had  nexer  had 
an  attack  (")f  acute  rheumatic  fe\er,  and  there  was  no  evidence  in 
the  history  of  previous  circulatory  disturl)ance.  Her  chief 
symptoms,  weakness  and  shortness  of  l)reath,  began  soon  after 
a  severe  cold  contracted  during  March.  19 17.  four  months  before 
death.  Three  davs  before  admission  to  Ihe  hospital,  weakness 
increased  and  dysi)nea  l)ecame  very  distressing.  The  findings 
(jn  phvsical  exannnation  upon  entrance  were  those  referable  to  a 
state  of  cardiac  insufficiency.  The  heart  was  definitely  enlarged  ; 
the  area  of  cardiac  dullness  extended  13  cm.  to  the  left  of  the 
midline  in  the  fifth  intercostal  space.  Heart  sounds  were  loud 
and  ringing;  there  were  no  nnu-murs.  On  the  third  day  in  the 
hospital,  after  turning  suddenly  in  l)e(l,  the  patient  stopped 
Itreathing;  the  heart  coiitiinu'd  beating  leebly  for  a  few  moments, 
and  then  ceased. 

The   autopsy    was   performed   six   hours   after   death.     The 
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findings,  except  for  those  in  the  heart,  were  unimportant.     There 
was  moderate  chronic  passi\e  congestion  of  all  the  viscera. 


Fig.  I.    Polypoid  nn-xoma  of  heart.     Photograph  of  gross  specimen.     Note  size 
and  location  of  tumor,  nodular  surface,  and  deep  anterior  furrow. 

The  right  side  of  the  heart  was  found  in  a  state  of  marked 
dilatation,  while  the  left  ventricle  was  firmly  contracted.  On 
opening  the  left  auricle,  its  wall  was  seen  to  be  considerably 
h3'pertrophied,  measuring  3  mm.  or  more  in  thickness.     Occupy- 
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ing  practically  its  entire  cavity  was  a  large,  glistening,  gelatinous 
tumor  mass  measuring  5  cm.  in  width  and  6.5  cm.  in  length 
(Fig.  i).  It  was  attached  by  a  narrow  stalk,  i  cm.  in  diameter, 
to  the  interauricular  septum  just  anterior  to  the  fossa  ovalis. 
The  most  striking  features  of  the  tuuKjr,  which  immediately  im- 
pressed those  present  at  the  autopsy,  were  its  remarkable  trans- 
lucencv  and  the  glossy  character  of  its  surface,  ditlerent  from 
the  dull,  lusterless  appearance  of  the  ordinary  cardiac  thromluis. 
Covering  the  entire  surface  of  the  tumor  were  numerous,  slender, 
villous-like  projections,  characteristic  of  papillomatous  tumors. 
Along  one  of  the  lateral  surfaces  there  was  a  narrow.  Imt  fairly 
deep  furrow,  which,  judging  from  its  general  direction,  might 
have  scr\cd  during  life  to  conduct  the  Islood  from  the  upper  and 
back  pr.rt  o'f  the  left  atrium,  downwards  and  forwards  to  the 
mitral  orifice. 

The  histological  picture  of  the  tumor  was  cpiite  interesting. 
The  free  margin  of  the  section  was  very  irregular,  correspond- 
ing to  the  \'i]l(. US-like  projections  on  the  gross  specimen.  The 
surface  was  coxerecl  by  a  single  ]a}-er  of  cells  with  deep  blue- 
staining  cytoplasm,  and  o^•al  \"esicular  nuclei  (Fig.  2).  The 
cells  were  more  flattened  at  the  summit  of  the  projections  than 
in  the  depths  (/f  the  inter\ening  depressions.  Many  of  the  cells 
possessed  ])ranching  protoplasmic  processes  which  extended  into 
the  substance  of  the  tumor.  The  general  appearance  of  the  cells 
suggested  tlat  they  were  not  endothelial  cells  of  the  ordinary 
type,  but  c(;nnective  tissue  cells  in  the  process  of  adaptation  to 
pressure  conditions  within  the  atrium.  The  histological  struc- 
ture of  tlie  tumor  proper  varied  in  different  areas.  Immediately 
beneath  the  surface,  there  was  seen  a  loo-e  blue-st.aining  matrix 
in  which  were  scattered  many  l)ranching  connecti\'e-tissue  cells. 
'J'he  p'cture  was  practicall)"  identical  with  that  of  Wdiarlon's 
jelly  of  the  umbilical  cord.  Towards  the  deeper  parts  ot  the 
ttimor,  the  matrix  stained  less  deei)ly  than  in  the  superlici.al  areas, 
and  in  addition  there  appeared  large,  irregular  spaces  lined  by 
cells  similar  l(j  those  covering  the  surface.  Some  of  these  spaces 
contained  well-preserved  red  blood  cells.      Here  and  there,  also. 
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were  small  discrete  masses  of  pink-staining  iiljrin,  which  showed 
no  tendency  to  organization  and  had  the  appearance  of  being 
freshly  formed.  They  did  not  seem  to  bear  any  recognizable 
relation  to  the  other  structural  elements  of  the  tumor.  At  the 
stalk  there  was  a  considerable  amount  of  yellow  granular  pig- 
ment (hemosiderin)  not  found  in  other  parts  of  the  tumor; 
most  of  it  had  been  taken  up  by  large  phagocytes. 
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Fig.  2.  Po'.ypoid  myxoma  of  l:eart.  Drawing  showing  layer  of  endo- 
thelial ceils  covering  surface  of  tumor,  and  loose,  relatively  non-cellular 
myxomatous  tissue  beneath. 

The  cjuestion  now  arises  as  to  the  interpretation  of  this  patho- 
logical specimen.  In  practically  all  its  characteristics  it  is  iden- 
tical with  the  majority  of  myxomata  of  the  heart  reported  in 
the  German  literature.  It  is  needless  to  point  out  that  the  gross 
appearance  of  the  tumor  is  entirely  different  from  that  of  an 
ordinary    cardiac    thrombus.      Histologically,    the    presence    of 
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isolated  til)rin  masses  and  Ijlood  pigment  would  seem  to  lend 
support  to  the  view  that  the  "tumor"  is  nothing  more  than  an 
organizing  thrombus,  but  in  \iew  of  the  absence  of  the  other 
histological  characteristics  of  a  thromlms,  one  is  justified,  I 
think,  in  accepting  a  ditierent  explanation  of  the  origin  of  the 
fibrin  and  pigment. 

In  the  German  literature  of  the  past  twenty-five  years  there 
has  Ijeen  considerable  discussion  as  to  the  nature  of  the  cardiac 
polvp;  and  it  may  not  be  amiss  at  this  point  to  review  briefly 
the  main  ideas  which  have  l)een  advanced.  In  his  several  re- 
views of  the  subject.  Thorel  has  maintained  that  the  cardiac 
polyp,  such  as  I  have  described,  is  not  a  true  tumor,  ])ut  has  its 
origin  in  a  cardiac  thromluis.  He  believes  that  the  connective 
tissue  of  the  organized  thromlnis  undergoes  edematous  changes 
with  transudation  of  fluid  into  the  space  between  the  cells  and 
fil;ers.  and  that  subsequently  chemical  changes  take  place  in  the 
edematous  fluid,  resulting  in  the  production  of  mucin.  This 
process  is  termed  by  Thorel  "  myxomatous  metamorphosis  "  or 
"  myxomalous  degeneration."  This  change  results  in  a  tissue 
dififering  greatly  in  appearance,  macroscopically  and  nncro- 
scopically,  from  the  ordinary  organizing  thrombus.  Among 
those  opposed  to  this  view  is  Ribbert,  who  maintains  that  the 
cardiac  p'»lyp  is  a  true  tumor.  1  le  is  inclined  to  doubt  the  occur- 
rence <-)f  "myxomatous  metam(.)rphosis " ;  and  b'cliexes,  on  the 
contrar}".  that  myxomatous  tissue  is  an  independent  \arietv  of 
connectix'e  tissue,  and  that  tumors  composed  either  wholl\-  or  in 
part  of  myxomatous  tissue  should  not  Ije  looked  ujjon  as  the 
result  of  secondar_\- change  in  some  other  tissue  but  as  the  product 
of  true  tumor  growth.  It  is  obxious  that  the  whole  (juestion  of 
the  nature  of  cardiac  polyp  hinges  upon  the  existence  or  non- 
existence of  myxomatous  degeneration. 

Quite  a  number  of  other  able  i)alhologists.  including  Alac- 
Callum.  regard  the  (.ccurrence  of  true  my.\(!malous  degeneration 
as  \'ery  doubtful.  It  is  their  o|)iuiiiu  thai  llu'  btu'den  of  proof 
rests  U])';n  tho-e  who  niainiain  thai  tlu'  car(hac  pol\'])  is  sim])ly 
an  organized  thrombus  with  ni\-xomalous  degeneraliou.  and  that 
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until  such  proof  is  submitted  the  cardiac  polyp  should  be  classi- 
fied as  a  true  myxoma. 
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Discussion: 

Dr.  L.-\mbert:  I  was  present  at  tlie  autopsj-  wliich  Air.  Louria  has  de- 
scribed and  was  very  much  interested  in  tlie  lincHngs.  There  is  one  point 
upon  which  I  do  not  think  he  has  laid  sufficient  emphasis.  That  is  the 
absence  of  any  cause  of  circulatory  disturbance  other  than  the  polypoid 
tumor  of  the  heart.  If,  as  some  writers  have  maintained,  these  tumors  are 
nothing  more  than  organized  thrombi,  one  should  find  in  every  case  a  cause 
for  thrombus  formation.  A  second  point  wdiich  might  be  emphasized  is  that 
these  polypoid  tumors  are  usually  attached  to  the  inner  wall  of  the  auricle 
just  anterior  to  the  fossa  ovalis,  an  area,  as  Ribliert  has  pointed  out,  in  which 
an  embryonic  displacement  of  tissues  favorable  to  tumor  development  is 
likely  to  occur. 

Dr.  Moschcowitz  :  I  should  like  to  ask  Mr.  Louria  if  the  patient  had 
delirium  cordis. 

Mr.  Louria  :  I  did  not  see  the  patient  clinically. 
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Out  of  a  total  of  alj(jiit  400  autopsies  in  the  Presbyterian 
Hospital  series,  the  following  fifty-four  cases,  showing  definite 
heart  lesions,  were  selected  for  study.  The  listing  of  these  cases 
in  various  groups  was,  in  a  number  of  instances,  a  purely  arbi- 
trary matter,  and  so  it  happens  that  the  same  case  will  appear  in 
one  group  because  of  its  chronic  lesions  and  in  another  group 
because  of  its  acute  lesions.  In  arriving  at  this  classification  the 
history  of  past  and  present  illnesses,  the  gross  findings  in  the 
heart  at  autopsy,  and  the  results  of  bacteriological  and  clinical 
tests  both  during  life  and  after  death  were  taken  as  a  basis. 

Accordingly  the  cases  group  themselves  as  follows : 

I.  Acute  rheumatic  endocarditis  (with  or  without  chronic  lesions)    ....  10 
II.  Acute  Strcpfocuccjts  viridaus  endocarditis   (with  or  without  chronic 

lesions )    5 

III.  Acute  pneumococcic  endocarditis   (witii  or  without  chronic  lesions)  .  5 

IV.  Acute  staphylococcic  endocarditis  (with  or  without  chronic  lesions).  2 
V.  Chronic  rheumatic  endocarditis    18 

VI.  Chronic   non-rheumatic   endocarditis   11 

VII.  Syphilitic  endo-  and  myocarditis    6 

All  these  cases  were  studied  with  especial  reference  to  the 
myocardial  changes  in  an  endeavnr  to  substantiate  the  above 
classification  by  more  or  less  distinctive  findings  in  the  myo- 
cardium. 

I.  Acute  Rheumatic  Cases:  In  all  of  the  ten  cases  Aschoff 
bodies  were  found  in  the  myocardium.  In  seven  of  these,  they 
were  numerous,  and  in  one,  very  numerous.  Two  of  the  cases 
showed  only  one  Aschofl:  body  respectively  in  several  slides ;  but 
in  both  cases  the  cells  composing  the  nodule  and  also  the  group- 
ing were  quite  typical.  In  fact,  in  all  but  one  case  (8348)  these 
nodules  were  found  to  be  cjuite  typical.  As  a  rule,  they  were 
found  in  the  midst  of  muscle  tissue,  surrounded  by  a  slight  or 
moderate  amount  of  fibrous  tissue,  or  lying  adjacent  to  a  blood- 
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vessel,  in  certain  places  the  cells  appearing  strung  out  alongside 
the  blood-vessel  wall.  The  cells  composing  these  nodules  varied 
somewhat  in  character,  some  of  them  having  a  fairly  deep  bluish 
purple  staining  cytoplasm  with  irregular  but  more  or  less  definite 
cell  outline,  others  staining  a  faint  purple  and  showing  an  ex- 
tremely hazy  and  vague  cell  boundary.  The  character  of  the 
nucleus,  also,  ^"aried  to  some  extent,  some  of  the  nuclei  taking  on 
a  fairly  dark,  more  or  less  homogeneous  stain,  others,  somewhat 
larger  in  size,  appeared  as  dark  circles  or  ovals  inclosing  a  light 
field  in  the  center  of  which  the  chromatin  was  gathered  in  a 
round  or.  more  often,  in  an  elongated  mass. 

In  practically  all  the  cases  there  was  but  slight  fibrosis  asso- 
ciated with  the  nodules  and  in  only  four  cases  were  definite  myo- 
cardial scars  noted.  In  two  of  the  cases  (8238  and  8457)  typical 
Aschoft  bodies  were  found  situated  directly  in  the  thickened 
endocardium,  (jne  such  nodule  causing  a  distinct  bulging  of  the 
endocardium.  In  all  of  the  nodules  found,  it  was  noted  that  the 
muscle  f\hers.  in  the  immediate  vicinity,  /.  c.,  those  abutting  on 
the  tissue  in  which  the  n(xlule  was  situated,  appeared  healthy  and 
stained  deeply  with  eosin.  There  was  no  gradual  transition 
between  these  apparently  healthy  fibers  and  the  Aschofl:'  cells,  as 
one  might  expect  if  these  latter  were  derived  from  degenerating 
muscle  fibers.  Furthermore,  these  cells  were  in  closer  approx- 
imation ti)  the  vessel  wall  than  is  the  case  with  normal  muscle 
fibers.  In  the  majority  of  the  cases,  the  cells  resembled  most 
closely  the  endothelial  or  mononuclear  waudcring  cells,  l)ut  the 
characteristic  grouping  of  the  chromatin  in  the  center  of  the 
vesicular  nucleus  was  in  many  instances  very  striking.  In  a 
number  of  cases,  multinucleated  cells  were  seen  associated  with 
the  mnnonuclear  \aricl}"  in  these  nodules.  The  nuclei  of  these 
cells  were  invarial)ly  of  the  \cr\-  intense  and  more  or  less  homo- 
geneous staining  \-ariety.  In  all  of  the  cases  the  associated  round- 
cell  infiltration  was  xery  slight. 

It  shonld  l)e  noted  thai  in  three  of  the  cases  Sirr/Tlococciis 
viridans  was  recovered  at  autopsy,  in  one  case  (8256)  the  diag- 
nosis of  pneumococcus  bacteremia  was  made  and  pneumococcus 
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was  recovered  from  the  blood  during  life  and  from  the  peri- 
cardium post  mortem. 

Of  the  ten  cases,  six  gave  a  history  of  rheumatic  fever  at 
some  time  during  life,  and  two  of  these  an  additional  history  of 
chorea.  Case  8507  which  gave  a  past  history  of  6  attacks  of 
rheumatic  fever  showed  relatively  few  and  small  myocardial 
scars  and  only  one  Aschoff  body  was  found  in  se\-eral  slides. 
The  one  case  (8348)  in  which  the  Aschoff  bodies  were  consid- 
ered not  typical,  though  suggestive,  gave  a  history  of  "  heart 
trouble "  following  scarlet  fever,  but  no  rheumatic  or  choreic 
history.  Only  one  case  showed  entire  aljsence  of  pericarditis ; 
while  six  had  a  fairly  marked  pericardial  affection. 

(N.  B.  In  those  cases  in  which  the  Aschoff  bodies  were  c|uite 
numerous  they  occurred  not  only  in  the  region  near  the  Ijase  of 
the  left  ventricle  l^ut  also  in  other  parts  of  both  left  and  right 
ventricles  and  in  the  interventricular  septum.) 

II.  Streptococcus  Viridans  Cases:  These  cases  show  no  strik- 
ing myocardial  changes.  Several  show  small  focal  collections 
of  polynuclear  and  mononuclear  wandering  cells;  some  of  these 
near  and  others  apparently  away  from  blood-vessels.  There  are, 
also,  small  areas  of  necrotic  muscle  fibers  in  which  only  the  sar- 
colemma  and  a  small  pyknotic  nucleus  remain  as  evidence  of  a 
pre-existing  normal  muscle  fiber.  As  a  rule,  there  is  no  cellular 
infiltration  associated  with  these  necrotic  areas.  In  three  of  the 
cases  small  emboli  are  seen  in  one  vessel  of  each  of  the  respective 
cases,  and  in  only  one  of  these  cases  a  fairly  marked  infiltration 
of  polynuclear  cells  is  seen  about  the  vessel  wall. 

V.  CJironic  Rheumatic  Cases:  Of  the  eighteen  cases  in  this 
group,  all  but  two  gave  a  more  or  less  definite  history  of  rheu- 
matic fever,  and  the  two  exceptions,  a  history  of  chorea.  Ten 
of  the  cases  show  m3'0cardial  scarring  of  varying  degrees,  cjuite 
pronounced  in  two  instances,  and  in  two  cases  typical  Aschoff 
bodies  were  noted.  In  a  third  case  (8273)  numerous  small 
groups  of  darkly  stained  mononuclear  cells  were  seen  near  the 
endocardium,  adjacent  to  blood-vessels  and  in  the  midst  of 
muscle.     These  cells  resemble  Aschoff  cells  but  the  majority  of 
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them  are  not  characteristic  and  the  gTonping  is  not  typical.  Peri- 
carditis was  present  in  only  eight  instances. 

In  case  8482  in  which  nnmerons  Aschoff  bodies  were  found 
there  was  no  evidence  of  an  acute  valvular  lesion.  The  patient 
came  to  the  hospital  complaining  of  abdominal  pain  and  swelling 
of  face,  abdomen,  and  legs  of  several  months'  duration,  and 
also  of  orthopnea  and  precordial  pain.  He  gave  a  history  of 
rheumatic  arthritis  six  years  before. 

The  other  case  (8473)  which  showed  one  fairly  typical 
Aschofl'  body,  associated  with  which  are  numerous  lymphocytes 
and  one  eosinophile,  gave  a  history  of  rheumatic  arthritis  twenty- 
nine  years  before  and  no  subsef|uent  attacks.  The  myocardium 
in  this  case  showed  several  small  areas  of  scarring  whereas  the 
preceding  case  showed  none. 

III.  Piiciiiiiococciis  Cases:  Except  for  one  or  two  collections 
of  lymphocytes  the  musculature  showed  nothing  especially  note- 
worthy except  in  one  case  (8256)  which  has  already  been  con- 
sidered in  the  acute  rheumatic  group.  In  this  instance,  the  diag- 
nosis of  subacute  articular  rheumatism  was  made  clinically,  al- 
though the  cause  of  death  was  bronchopneumonia  and  pneumo- 
coccus  bacteremia.  The  myocardium  in  this  case  showed  nu- 
merous t}'pical  Aschoft'  bodies.  ^Moreover,  this  case  showed  a 
definite  pericarditis,  whereas  the  other  four  cases  .showed  no 
such  lesion. 

I\'.  Staphylococcus  Cases:  Of  the  seven  cases  in  this  group 
only  three  showed  definite  miliary  abscesses  scattered  through- 
out the  muscle,  containing  a  l)luish  mass  of  l)acteria  at  their  center. 
No  scars  were  seen  except  in  one  case.  The  other  cases  showed 
no  inflammatory  changes  and  no  connective  tissue  increase. 
fX.  P).  In  each  of  these  cases  a  staphylococcus  bacteremia  was 
found  and  all  but  one  showed  definite  lesions  of  the  heart 
valves.) 

\T.  Chronic  Noii-Rheuinatic  Cases:  None  of  the  eleven  cases 
gave  any  history  of  rheumatic  fever  or  chorea  and  only  four  of 
tonsillitis  or  sore  throat.  Three  of  these  four  cases  showed 
definite  myocardial  scars.     .Another  case   (8544),  also,  showed 
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marked  scarring,  but  in  this  case  there  was  an  associated  gen- 
eral arteriosclerosis. 

VII.  Syphilitic  Cases:  Of  the  five  cases,  three  showed  a  cellu- 
lar infiltration  consisting  chiefly  of  lymphocytes  and  some  poly- 
nuclear  leucocytes.  This  infiltration  was  found  either  about  the 
vessels  or  in  the  regions  of  degenerating  muscle  fibers  which  in 
several  sections  were  cj[uite  prominent.  One  case  (8439)  showed 
large  mononuclear  cells  (  ?  wandering  cells)  scattered  here  and 
there  between  muscle  fillers  and  frequently  arranged  in  cords  and 
even  double  strands.  It  is  difficult  to  determine  whether  these 
cells  were  inclosed  within  capillaries  or  whether  they  were 
simply  lining  the  space  between  separated  muscle  fibers.  Many 
of  the  muscle  fibers  showed  no  striations  whatsoever,  and  some 
of  the  other  cases  showed  marked  changes  in  their  staining  re- 
action.    In  three  instances,  marked  fibrous  scarring  was  noticed. 

CONCLUSIONS 

1.  All  cases  of  acnfc  rheumatic  endocarditis  studied,  ten  in 
number,  showed  typical  Aschoff  l^odies  in  the  myocardium. 
Aschoff  bodies  were  found  also  in  two  out  of  eighteen  cases  of 
so-called  chronic  rheumatic  endncarditis;  that  is,  cases  of  chronic 
cardiac  valvular  disease  with  a  definite  history  of  rheumatic  fever 
or  chorea.  '  They  could  not  be  demonstrated  in  any  other  type  of 
endocarditis. 

2.  The  cases  of  chronic  rheumatic  endocarditis  did  not  show 
myocardial  changes  which  would  differentiate  them  from  the  non- 
rheumatic  group,  with  the  exception  of  two  in  which  Aschoff 
bodies  were  found.  Myocardial  scars  were  present  in  about  fifty 
per  cent,  of  all  cases  of  chronic  endocarditis,  and  were  as  common 
in  the  non-rheumatic  as  in  the  rheumatic  group. 

3.  In  three  out  of  seven  cases  of  acute  staphylococcus  endo- 
carditis, miliary  abscesses  and  bacterial  eml^oli  were  demon- 
strated in  the  myocardium.  None  of  the  remaining  types  of  en- 
docarditis studied  showed  any  characteristic  myocardial  lesion. 
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Acute  Rheumatic  Cases 


Autopsv 

Rheum. 

Tonsil- 

Peri- 

Valve 

Aschoff 

Xo. 

Age  Sex 

Fever 

Chorea 

litis 

carditis 

Lesions 

Scars 

Bodies 

8238 

12     F 

— 

_ 

+ 

+  + 

+ 

+ 

+  + 

S348 

21      F 

— 

— 

— 

+  + 

+ 

— 

+ 

8380 

17    F 

+  + 

— 

— 

+  +  + 

+ 

— 

+  + 

8444 

9     AI 

— 

— 

5 

+  + 

+ 

— 

+  + 

8456 

12     F 

+ 

— 

— 

+ 

+ 

+ 

+  +  + 

8457 

4 

F 

+ 

— 

— 

+sl. 

+ 

— 

+  + 

8507 

-3 

F 

+  + 

+ 

-  — 

— 

+ 

+ 

+ 

8568 

18 

F 

+ 

+ 

— 

+  + 

+ 

■  + 

+  + 

8588 

II 

F 

— 

— 

+ 

+  + 

+ 

— 

+  + 

8256 

23 

F 

+ 

+ 

+ 

+ 

+  + 

Also  listed  in 
Pneumococcus 
Group. 

Streptococcus  viridans  Cases 


Autopsy 

1 

Rheum. 

Peri- 

Valve 

Aschoff 

No 

Agej  Sex 

Fever 

Chorea 

carditis 

Lesions 

Scars 

Bodies 

Emboli 

8275 

22      F 

_ 

_ 

+ 

+ 

_ 

_ 

+ 

8442     38  i  M 

+  ? 

— 

+  + 

+ 

+ 

— 

+ 

85 1 8      10 

F 

— 

+ 

+ 

+ 

+ 

— 

+ 

8562    136 

F 

+ 

— 

+ 

+ 

— 

— 

— 

Also  listed  in  Chr. 

Rheum.  Group. 

8641    1  24    M 

+  ? 

— 

— 

+ 

+ 

— 

— 

Pneumococcus  Cases 


Autopsy!         1 

Rheum 

Tonsil- 

Peri- 

Valve 

Aschoff 

Ab- 

No.      --^g^,  Sex 

Fever 

litis 

carditis 

Lesions 

Scars 

Bodies 

scesses 

8343    ;  26 

F 

+ 

+ 

_ 

+ 

_ 

_ 

_ 

Also  listed  in  Chr. 

Rheum.  Group. 

8256 

23 

F 

+ 

+ 

+ 

+ 

~ 

+ 

— 

Also  listed  in  Ac. 
Rheum.  Group. 

8425    1  21 

F 

— 

— 

— 

+ 

+ 

— 

— 

8536     55  ;  M 

— 

— 

— 

+ 

— 

— 

— 

8570 

39 

F 

— 

+ 

+sl. 

+ 

— 

— 

— 

Staphylococcus  Cases 


Autopsy 

Rheum. 

^,             Tonsil- 

Pericar- 

Valve 

Aschoff 

Ab- 

No^ 

Age 

Sex 

Fever 

Chorea 

litis 

ditis 

Lesions 

Scars 

Bodies 

scesses 

8494 

32 

F 

— 

— 

+ 

— 

+ 

— 

_ 

+  + 

8502 

25    F 

— 

—       ,       — 

— 

+ 

— 

— 

— 

8295 

23     F 

— 

—             — 

+.sl. 

+ 

— 

— 

— 

8270 

46  1  M 

— 

— 

— 

— 

+ 

— 

— 

— 

8386 

36 

M 

— 

— 

— 

— 

+sl. 

+ 

— 

+ 

8387 

19 

F 

+  ? 

— 

+ 

— 

+ 

— 

- 

+ 

8393 

20 

M 

— 

— 

— 

— 

— 

— 

— 

— 
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Chronic  Rheumatic  Cases 


Rheum. 

Tonsil- 

Pericar- 

Valve 

Aschoff 

No. 

Age 

Sex 

Fever 

Chorea 

litis 

ditis 

Lesions 

Scars 

Bodies 

8254 

24 

M 

+ 

_ 

+  ? 

— 

+ 

+ 

— 

S255 

34 

F 

+ 

— 

— 

+  + 

+ 

+ 

— 

B273 

39 

M 

+ 

— 

— 

— 

+ 

+ 

+  ? 

8300 

17 

M 

— 

+ 

— 

+  + 

+ 

— 

— 

8312 

61 

M 

+ 

— 

— 

+ 

+ 

+ 

— 

8326 

28 

F 

+ 

— 

— 

— 

+ 

— 

— 

8332 

62 

M 

+ 

- 

— 

+ 

+ 

+  + 

— 

8415 

23 

M 

+ 

— 

— 

+sl. 

+ 

+  + 

— 

8419 

20 

F 

— 

+ 

— 

— 

+ 

— 

— 

8441 

51 

F 

+ 

— 

— 

— 

+ 

+ 

— 

8473 

66 

M 

+ 

— 

— 

— 

+ 

+ 

+ 

8482 

13 

M 

+ 

— 

"" 

+ 

+ 

— 

+  + 

8487 

48 

M 

+ 

— 

— 

— 

+ 

— 

— 

8503 

65 

M 

+ 

— 

+ 

+ 

+ 

— 

8562 

36 

F 

+ 

— 

+ 

+ 

+ 

— 

Also    listed    under 
Strep,  virid.  Gp. 

8343 

26 

F 

+ 

— 

+ 

+ 

— 

— 

Also    listed    in 
Pneumoc.  Gp. 

8510 

37  i  M 

+ 

- 

— 

— 

+ 

+ 

— 

8210 

35 

M 

+ 

- 

— 

— 

+ 

— 

— 

Chronic  Non-Rheumatic  Cases 


Autopsy 

Rheum.1     .              Tonsil- 

Pericar- 

Valve 

Aschoff 

No 

Age" 

bex 

Fever 

Utiorea  ,      [jjig 

ditis 

Lesions 

Scars 

Bodies 

8240 

10 

M 

— 

_ 

— 

— 

+ 

— 

— 

8404 

6.5 

F 

— 

— 

— 

— 

+ 

T- 

- 

8407 

.S2 

F 

— 

— 

— 

— 

+ 

— 

— 

8417 

4.S 

M 

— 

— 

+ 

— 

+ 

+  + 

— 

8431 

.=54 

M 

— 

— 

— 

+sl. 

+ 

- 

— 

8449 

43 

F 

— 

— 

— 

— 

+ 

— 

— 

8466 

S 

M 

— 

— 

+ 

— 

+ 

— 

— 

8497 

45 

F 

— 

— 

— 

— 

+ 

— 

— 

8529 

35 

M 

— 

— 

+  + 

+ 

+ 

+ 

— 

8539 

51 

F 

— 

— 

+  + 

— 

+ 

+ 

— 

8544 

59 

F 

— 

— 

— 

■     — 

+ 

+  + 

— 

Syphilitic  Cases 


Autopsy 

Rheum.                    !  Pericar- 

Valve 

Aschoff 

No^.^ 

Age 

Sex 

Fever     t^horea  !     jjiis 

Lesions 

Scars 

Bodies 

Wasser.  React. 

8439      42 

M 

+  ?           -              - 

+ 

+  + 

— 

+  +  +  + 

8453     43 

M 

-           +sl. 

+ 

— 

— 

+  +  +  + 

8476     60 

M 

— 

-     !    +sl. 

+ 

— 

— 

Not  obtained 

8534     33 

M 

— 

—     j      — 

+ 

+  + 

— 

+  +  +  + 

8549   i  48 

M  '      - 

— 

— 

+ 

+ 

— 

+ 

8599   i  46 

m'     - 

— 

+?1. 

-^ 

+  + 

— 

4-  -^-  4-  -i- 

